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CHAPTER I
OCCURRENCE AND PROPERTIES OF CELLULOSE
C e l l u l o s e ,  d e r iv e d  from  th e  L a tin  c e l l u l a , m eaning  
" l i t t l e  c e l l " ,  i s  p erh ap s th e  m ost abundant o r g a n ic  su b s ta n c e  
on th e  e a r th  to d a y . I t  i s  supreme among a l l  o f  our i n d u s t r i a l  
raw m a t e r ia l s .  I t  i s  th e  b a s ic  c o n s t i t u e n t  o f  a l l  p la n t  l i f e .  
C e l lu lo s e  n ev er  o c c u r s  in  n a tu r e  e x c e p t  w ith  o th e r  s u b s ta n c e s ,  
w hich  r e q u ir e  r a th e r  s e v e r e  c h em ic a l tr e a tm e n t to  rem ove.
I t  i s ,  h ow ever , produced  in  a r e l a t i v e l y  pure form , f r e e  from  
a lm o st  a l l  o f  th e  in c r u s t in g  im p u r i t i e s ,  o th e r  th an  th e  p r o ­
t e i n  c u b ic l e ,  in  th e  c o t to n  p la n t .  C otton  l i n t e r s  r e p r e s e n t  
th e  p u r e s t  form  o f  c e l l u l o s e  from  n a tu r a l s o u r c e s ,  b u t th e  
g r e a t  tonnage comes from  our e x t e n s iv e  f o r e s t s ,  th e  n o r th e r n  
sp ru ce  and th e  so u th er n  p in e .  A nnual cro p s  su ch  as c o r n ­
s t a l k s ,  sugar c a n e , b e g a s s e ,  p ean u t s h e l l s ,  and l i n t e r s  
from  c o t to n s e e d  may be lo o k e d  forw ard  to  f o r  fu tu r e  s u p p l ie s  
sh o u ld  our o th e r  so u r c e s  run lo w .
In  o rd er  f o r  us to  o b ta in  a f a i r l y  pure c e l l u l o s e  
we m ust f in d  m ethods fo r  p u r i f i c a t i o n  a d eq u a te  f o r  th e  
rem oval o f  n o n - c e l l u l o s i c  im p u r it ie s  and w hich  a t  th e  same 
tim e a re  s u f f i c i e n t l y  r e s t r a in e d  and c o n t r o l l e d  to  e l im in a t e  
th e p o s s i b i l i t y  o f  the fo r m a tio n  o f  d e g r a d a t io n  p r o d u c ts .
W ith e x c e s s  h e a t in g  or d e h y d r a t io n , c e l l u l o s e  b e g in s  to  d e ­
com pose, g iv in g  c o m b u stib le  g a s e s ,  a c e to n e ,  a c e t i c  a c i d ,  
p h e n o l, fu r fu r a ld é h y d e , and o th e r  p r o d u c ts .  The p u r i t y  o f
any p a r t ic u la r  sam ple o f c e l l u l o s e  may b e d eterm in ed  in  s i x  
w ays; i t s  n e u t r a l i t y ,  in d i f f e r e n c e  to  b a s ic  d y e ^ t u f f s ,  low  a sh  
c o n t e n t ,  r e s i s t a n c e  to  s o l u t i o n ,  r e s i s t a n c e  to  s o lu t io n  in  
c a u s t i c  a l k a l i s ,  minimum r e d u c in g  pow er, and h ig h  v i s c o s i t y  
in  cuprammonium. C e l lu lo s e  o f  h ig h  p u r i t y  may be e a s i l y  
and r e a d i ly  o b ta in e d  from  c o t t o n ,  th e  se e d  h a ir  o f  gassyp iu m  
b y  p r o lo n g e d  b o i l i n g  o f  th e  raw m a t e r ia l  w ith  a Ifo s o lu t io n  
o f  sodium  h y d ro x id e  and th en  n e u t r a l i z in g  w ith  a s l i g h t  e x ­
c e s s  o f  a c e t i c  a c i d ,  r e p e a t e d ly  w ash ing  w ith  d i s t i l l e d  w a ter  
to  rem ove the a c i d .  On a n a ly s i s  t h i s  p ro d u ct on th e  a v era g e  
g iv e s  ab ou t 9 9 .8  p er  c e n t  pure c e l l u l o s e  and ,0 5  p er  c e n t  a s h .  
T his i s  reg a rd ed  a s  s ta n d a rd  c e l l u l o s e .  O rdinary ch e m ic a l  
f i l t e r  paper i s  p r a c t i c a l l y  pure c e l l u l o s e ,  e s p e c i a l l y  when 
i t  h a s  s to o d  e x h a u s t iv e  tr e a tm e n t w ith  h y d r o c h lo r ic  and 
h y d r o f lu o r ic  a c id s  f o r  th e  rem oval o f  a s h .  These form s o f  
c e l l u l o s e  g e n e r a l ly  c o n ta in  w ater to  th e  e x t e n t  o f  s i x  to  
e ig h t  p er  c e n t ,  w hich  may b e d r iv e n  o f f  b y  d r y in g  c a r e f u l ly  
in  an  oven  a t  lOO^C, The g iv in g  o f f  o f  HgO ap p ea rs to  tak e  
p la c e  a t  a much s lo w er  r a t e  than th e  a b s o r p t io n . A v e r y  good  
and d ep en d ab le  means o f  p u r ify in g  c e l l u l o s e  i s  th e  p r e p a r a ­
t io n  o f  c e l l u l o s e  from  raw c o t t o n ,  a s  recommended by th e  
D iv is io n  o f  C e l lu lo s e  C hem istry  o f  th e  A m erican C hem ical 
S o c ie t y .  The p r o c e s s  as worked o u t b y  Corey and Gray^ i s  
b a sed  upon a p ro lo n g ed  b o i l i n g  w ith  an a l k a l i  w ith  th e  
co m p lete  e x c lu s io n  o f  a i r .  A sam ple o f  a p p ro x im a te ly  75
1 .  A. B. Corey and H, L. G ray, ^nd. & Eng. Chem., 1 9 2 4 ,  
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grams o f  raw c o t to n  i s  e x tr a c te d  in  a S o x h le t  a p p a ra tu s  
f o r  s i x  hours w ith  95 p er  c e n t  a lc o h o l  and th en  f o r  s i x  h o u rs  
w ith  e t h e r .  The c o t to n  i s  p la c e d  in  a n ic k e l  b a s k e t  and i s  
im m ersed in  3 l i t e r s  o f  1 p er  c e n t  NoOH s o lu t io n  w hich h as  
b een  p r e v io u s ly  b o i l e d  to  e x p e l  a l l  th e  a i r .  T h is i s  b o i l e d  
f o r  10 h o u r s , d u r in g  w hich  tim e 10 more l i t e r s  o f  f r e s h  NoOH 
i s  added to  th e  o r i g in a l  s o l u t i o n .  The c o t t o n  i s  th en  w ashed  
w ith  d i s t i l l e d  HgO ( a ir  rem oved) and i s  im m ersed f o r  2 h ou rs  
in  a 1 p er  c e n t  s o lu t io n  o f  a c e t i c  a c id .  I t  i s  f i n a l l y  d r ie d  
in  a i r .  T his c e l l u l o s e  i s  a l s o  s ta n d a rd  c e l l u l o s e ,  and c o n ­
t a in s  9 9 .8 ^  c e l l u l o s e  and .0 6 ^  a s h .
The o ccu rr en ce  o f  c e l l u l o s e  in  th e  a n iiiia l w o r ld  i s  
ex tr e m e ly  r a r e .  W ith a few  e x c e p t io n s  in  th e  i n s e c t  w o r ld ,  
tru e  c e l l u l o s e  i s  n o t  fou n d  in  an im al t i s s u e s .  Much o f  i t  i s  
d ig e s t e d  and a b sorb ed  by herb  Iv o r  a ,  b u t the amount man 
a s s i m i la t e s  i s  r e l a t i v e l y  sm a ll b e c a u s e  a s  y e t  no d i g e s t i v e  
enzyme h a s been  fou n d  in  th e an im al body h a v in g  s p e c i f i c  
a c t io n  on c e l l u l o s e .  I t  i s  knoTO, h o w ev er , t h a t  th e  t u n ic in  
from  P h a l lu s ia  m am m ilaris^ fu r n is h e s  e v id e n c e  f o r  a s t r u c t u r e  
s im i la r  to  c e l l u l o s e .  On p a r t i a l  a c id  h y d r o ly s i s ,  d e x t r l n s ,  
c e l l o b i o s e ,  a t r l o s e ,  t e t r o s e ,  and a h ex o se  a r e  a l l  o b ta in e d  
w hich  a re  i d e n t i c a l  w ith  th e  p ro d u cts  o f  p a r t i a l  a c id  h y d ro -  
l o s i s  o f  p ure c e l l u l o s e .  Then, t o o ,  b a c t e r i a l  c e l l u l o s e  
b u i l t  up from  f r u c t o s e ,  g ly c e r o l  and g lu c o s e  have b een  
exam ined , and b y  th e  com parison  o f  t h e ir  a c e t y l  and m e th y l
1 .  C hem ical S o c ie t y  Annual R e p o r ts , V o l.  XXXI, 1934
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d e r i v a t i v e s ,  by  x -r a y  e x a m in a t io n , and by ex a m in a tio n  
q u a l i t a t i v e l y  o f  t h e ir  d e g r a d a t io n  p r o d u c ts ,  i t  was fou n d  
th e y  p o s s e s s e d  a s t r u c tu r e  s im i la r  in  n a tu r e  to  t h a t  o f  
o r d in a r y  c o t to n  c e l l u l o s e .  The membraneous m a te r ia l  b u i l t  up  
b y  th e  a c t io n  o f  th e  a c e to b a c te r  xy lln u m  on g lu c o s e  b eh a v es  
in  a l l  i t s  o b serv ed  c h e m ic a l and p h y s ic a l  p r o p e r t ie s  as a 
tr u e  c e l l u l o s e .
C e l l u l o s e ,  a s  we know, b e lo n g s  to  th e  ca rb o h y d ra te  
fa m ily  o f  o r g a n ic  com pounds, and i s  fu n d a m e n ta lly  com posed  
o f  ca rb o n , oxygen  and h y d ro g en , th e  oxygen  and h yd rogen  
b e in g  in  a two to  one r a t i o  as in  w a te r . We a s s ig n  th e  
e m p ir ic a l  fo r m u la , or w hat m igh t b e  term ed th e  u n i t  fo r m u la ,  
o f  CgH^gO^ to  i t .  I t s  s p e c i f i c  g r a v i t y  i s  e s t im a te d  to  be  
1 .5 8 ,  w h ich , o f  c o u r s e ,  i s  d ep en d en t upon th e  so u rce  or  th e  
s t a t e  o f  c o n d it io n  o f th e  c e l l u l o s e .  I t  can  b e  h y d r o liz e d  
to  th e  e x t e n t  o f  95 p er  c e n t  to  g lu c o s e ,  w hich  le a d s  us to  a 
fo rm u la  show ing an anhydro g lu e  o se  s t r u c t u r e .  Each o f  th e  
u n i t s  c o n ta in s  th r e e  f r e e  h y d r o x y l g r o u p s , t h e  p o s i t i o n s  o f  
w hich  have b een  d e f i n i t e l y  e s t a b l i s h e d  b y  th e  fo r m a tio n  o f  
2 ,  3 ,  6  t r l - m e th y l  g lu c o s e .  The h y d r o x y l grou p s on th e  secon d  
and t h ir d  carbon  atoms a r e  seco n d a ry  h y d r o x y ls ,  w h ile  th a t  
on th e  s ix t h  i s  p rim ary . By th e  a c e t o l y s i s  o f  c e l l u l o s e ,  
t h i r t y - f i v e  to  s i x t y  per* c e n t  c e l l o b i o s e  i s  o b ta in e d , w hich  
in d ic a t e s  t h a t  th e  g lu c o s e  u n i t s  a r e  u n ite d  f o r  th e  m ost p a r t  
b y  c e l l o b i o s e  l in k a g e s .  The s t r u c t u r a l  g lu c o s e  u n i t s  c o n ta in  
th e am ylene o x id e  r in g ;  th e  carbon  atom s 1  and 5  a r e  jo in e d  b y  
an oxygen  b r id g e .  The l in k a g e s  b etw een  th e  s t r u c t u r a l  g lu c o s e
u n i t s  a re  th rou gh  th e  carb on  atoms 1 and 4 ,  There a re  no 
r e d u c in g  groups p r e s e n t  b e c a u se  of th e  f a i l u r e  o f c e l l u l o s e  
to  re d u c e  P e h lin g   ̂ s S o lu t io n .  W ith t h i s  In fo r m a tio n  we may 
s e t  up a s t r u c t u r a l  form u la  f o r  c e l l u l o s e ,  ta k in g  in to  a c c o u n t  
a l l  o f  the p r o p e r t ie s  w hich  h^ve b een  m en tio n ed .
C  MC —
OH Off C ^ \\
C — 0 —
H
As to  th e  a c t u a l  p h y s ic a l  s t r u c tu r e  o f  c e l l u l o s e ,  
we f in d  a d i v e r s i t y  o f  o p in io n .  As f a r  back  a s  18 5 8 , th e  
b o t a n i s t  K aga li^  f e l l  upon th e  id e a  o f  a v e r y  f i n e  o r g a n iz e d  
s t r u c tu r e  f o r  n a tu r a l  f ib r o u s  s u b s ta n c e s ,  su ch  a s  c e l l u l o s e ,  
from  h i s  s t u d ie s  o f  d ou b le  r e f r a c t i o n ,  s w e l l i n g ,  and m ech an i­
c a l  p r o p e r t ie s .  I t  was from  t h i s  work th a t  he gave u s  th e  
m lc e l la r  th e o r y , th a t  th e s e  f ib r o u s  m a te r ia ls  were b u i l t  up
1 . A. J . Stamm, C o llo id  C hem istry  o f  C e l l u l o s i c  h h t e p ia l s .  
1 9 3 6 , p p . 3 -4 ------------------------------- ---------- --------------- -
o f  su b m icro sc o p ie ,  w a ter  i n s o l u b l e ,  b i r e f r i g e n t  c r y s t a l l i t e s  
w hich  he c a l l e d  m i c e l l e s .  The s t r e n g th  and o th e r  m e c h a n ic a l  
p r o p e r t ie s  o f  th e  f i b e r s ,  he c o n s id e r e d  w ere due to  th e  o r i e n t a ­
t io n  o f  th e  m i c e l l e s .  He b e l i e v e d  th a t  th e m i c e l l e s  r a th e r  
than  th e  m o le c u le s  were th e  u l t im a t e  d is p e r s io n  u n i t s .  H is 
work on th e  su b ra icro sco p ic  b u i ld in g  u n i t s  o f  f ib r o u s  m a t e r ia l  
r e c e iv e d  l i t t l e  n o t ic e  a t  th e  tim e b u t  i s  now c r e d i t e d  w ith  
g iv in g  th e  fu n dam en ta l groundwork upon # i i c h  th e  p r e s e n t  
day c o l l o i d  c h e m is tr y  o f  c e l l u l o s i c  m a te r ia ls  i s  b u i l t .
Many o f  the modern in v e s t ig a t o r s  o f  th e  f i n e  s t r u c tu r e  o f  
f ib r o u s  m a t e r ia ls  a g r e e  in  g e n e r a l th a t  th e s e  m a t e r ia ls  a re  
made up o f  lo n g  prim ary v a le n c e  c h a in s  w hich e x h i b i t  th e  
p r o p e r t ie s  o f  N a g e li* s  m i c e l l e s ,  t h o u ^  th e y  d i f f e r  somewhat 
in  t h e i r  o p in io n  a s  to  th e  grou p in g  o f  th e s e  c h a in s .  There i s  
a p r e s e n t  day ten d en cy  among th e  i n v e s t ig a t o r s  o f  c r y s t a l  
s tr u c tu r e  to  s u b s t i t u t e  th e  word " c r y s t a l l i t e " f o r  "m icel"  
in  ord er to  p o in t  o u t  th e  c r y s t a l l i n e  n a tu r e  o f  t h i s  su b -  
m ic r o sc o p ic  u n i t  g ro u p . The d im e n s io n s  o f  th e s e  c r y s t a l l i t e s  
have b een  th e s u b je c t  o f  much d i v e r s i t y  o f  o p in io n .  O ut­
s ta n d in g  work in  t h i s  d i r e c t io n  h a s b een  done by Marsh and 
H e n g s te n b e r g l, who w ith  th e  e q u a tio n  o f  Von Laue made m easu re­
m ents on th e  rairiSe f i b e r s  and o b ta in e d  a v a lu e  o f  500A f o r  th e  
minimum le n g t h ,  and 50A f o r  the c r o s s  s e c t i o n ,  a l l  o f  w hich  
in d ic a t e s  th a t  a m ic e l l e  i s  made up o f  c h a in s  a t  l e a s t  a
1 .  A . J .  Stamm, i b i d . , p .  8
hundred g lu c o s e  u n i t s  lo n g  w ith  a p p r o x im a te ly  s i x t y  c h a in s  
in  a b u n d le .
I t  i s  c h a r a c t e r i s t i c  o f  a l l  c e l l u l o s i c  m a t e r ia ls  
to  p o s s e s s  c a p i l l a r y  s t r u c t u r e ,  r e s u l t i n g  e i t h e r  from  th e  
tu b u la r  s t r u c t u r e  o f f i b e r s  t h e m s e lv e s ,  a s  in  wood and p l a n t s ,  
or from  th e  I n t e r s t i c e s  b etw een  u n o r ie n te d  or  p a r t i a l l y  
o r ie n te d  f i b e r s  m aking up th e  s t r u c t u r e  o f  c e l l u l o s e  p r o d u c ts  
su ch  a s  p a p er . In  c o n n e c t io n  w ith  t h i s  c a p i l l a r y  s t r u c t u r e ,  
McBain and K is t le r ^  have c a r r ie d  on c o n s id e r a b le  work on th e  
p e r m e a b il i t y  o f  c e llo p h a n e  meirtoranes w hich  p o s s e s s  an e x tr e m e ­
l y  f i n e  c a p i l l a r y  s t r u c t u r e .  They fou n d  t h a t  c e l lo p h a n e  i s  
perm eab le to  w a ter  b u t  i s  a lm o st im perm eable to  o th e r  l i q u i d s .  
They r e p la c e d  th e  w ater in  th e  s w o lle n  c e l lo p h a n e  b y  a l c o h o l ,  
and fou n d  t h a t  th e  c e l lo p h a n e  became perm eab le to  a l c o h o l .
T his r e p la c e d  by o th e r  o r g a n ic  s o lu t io n s  ca u sed  th e  c e l l o ­
phane to  be perm eable to  each  o f  th e s e  in  tu r n .
The m ech a n ica l p r o p e r t ie s  o f  c e l l u l o s e  a r e  m ost  
im p o rta n t in  th e  u t i l i z a t i o n  o f  t h i s  raw m a t e r ia l  in  in d u s t r y .  
The c e l l u l o s e  f i b e r s  a re  u n u s u a lly  s tr o n g  in  th e  l o n g i t u d in a l  
d i r e c t i o n .  F la x ,  f o r  exa m p le , h as a t e n s i l e  s t r e n g th  o f  
o v er  100 k ilo g r a m s per sq u are m i l l im e t e r .  The v i s c o s e  s i l k  
f i b e r s  have p r a c t i c a l l y  th e  same s t r e n g t h ,  p a r t i c u l a r l y  i f  
th e y  a r e  w e l l  o r ie n t e d .  C o tto n , d ep en d in g  upon th e  ty p e  and 
so u rce , v a r i e s  from  25 to  75 k ilo g ra m s p er sq u are m i l l im e t e r .
I t  i s  i n t e r e s t i n g  to  n o te  th a t  th e  s t r e n g th  o f  th e  f l a x  f i b e r
1 . McBain and K i s t l e r ,  1 9 3 0 , "Membranes f o r  High P r e ssu r e  
U l t r a f i l t r a t i o n " ,  Faraday S o c ie t y  T r a n s a c t io n s ,  26 : 1 5 7 -  
162
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ap p ro a ch es t h a t  o f th e  b e s t  s t e e l ,  w hich h as a  t e n s i l e  
s t r e n g t h  o f  a p p r o x im a te ly  170 k ilo g r a m s p er sq uare m i l l i ­
m eter#
The s o l u b i l i t y  o f  c e l l u l o s e  in  d is p e r s io n  m edia h as  
fu r n is h e d  a s u b j e c t  f o r  much c o n tr o v e r sy #  A c t u a l ly  th e r e  a r e  
no p u r e ly  p h y s ic a l  s o lv e n t s  f o r  c e l lu lo s e #  I t  i s  u n iq u e  among 
c o l l o i d a l  su b s ta n c e s  in  t h a t  i t  can be d is p e r s e d  in  v e r y  few  
aqueous m ed ia , p r a c t i c a l l y  a l l  o f  w hich a re  n e c e s s a r i l y  co n ­
c e n tr a te d  s o lu t io n s #  I t  h as lo n g  b een  an u n s e t t l e d  q u e s t io n  
as to  w hether c e l l u l o s e  d is p e r s e d  in  thbss m edia e x i s t s  in  a 
n a t iv e  form . C e l lu lo s e  can b e  d i s s o lv e d  in  an am m oniacal 
s o lu t io n  o f  c u p r ic  h y d ro x id e  (S c h w e itz e r ’ s R e a g e n t) , c o n ­
c e n tr a te d  HCl, H2 SO4 ,. H3 PO4  and GH3 GOOH.
I t  can  be d is p e r s e d  in  h o t  c o n c e n tr a te d  z in c  c h lo r id e  s o lu ­
t i o n ,  bu t i t  h a s  b een  d e f i n i t e l y  e s t a b l i s h e d  th a t  d eg ra d a ­
t io n  p ro d u cts  w ere form ed . A h o t  c o n c e n tr a te d  s o lu t io n  o f  
c a lc iu m  th io c y a n a te  i s  c a p a b le  o f  d i s s o l v i n g  a s  much a s  7 
p er c e n t  o f  c e l l u l o s e .  Very d i l u t e  s o lu t io n s  o f  c e l l u l o s e  
can  be made by d i s s o l v i n g  c e l l u l o s e  in  a 4 to  10 per c e n t  
s o lu t io n  o f  sodium  h y d r o x id e . Sheppard^ g iv e s  u s a  p r o c e s s  
f o r  th e  m ech a n ica l d is p e r s io n  o f  c e l l u l o s e  b y  g r in d in g  i t  
in  an o r g a n ic  l i q u i d .  A c tu a lly  o n ly  a v e r y  s l i g h t  p o r t io n  
o f  t h i s  becom es c o l l o i d a l l y  d is p e r s e d .
The d e te r m in a t io n  o f  th e  m o lec u la r  w e ig h t o f  
c e l l u l o s e  le a d s  to  one o f  the m ost in t e r e s t i n g  and m ost
1 .  Sheppard, 1 9 3 0 , "The D is p e r s io n  o f  C e l lu lo s e  and C e l lu ­
lo s e  D e r iv a t iv e s " ,  J o u r . P h y s. Ghem. 3 4 :1 0 4 1 -1 0 5 2
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e v a s iv e  f i e l d s  o f  c e l l u l o s e  c h e m is tr y .  The c l a s s i c a l  
m ethods f o r  th e  d e te r m in a t io n  o f  th e  m o le c u la r  w e i ^ t s  h a v e  
b een  o f  l i t t l e  or no v a lu e  to  us in  th e  d e te r m in a t io n  o f  th e  
m o le c u la r  w e ig h t o f  c e l l u l o s e .  The m ic e l la r  s t r u c t u r a l  
b u i ld in g  u n i t s  o f  c e l l u l o s e  a r e  o f la r g e  c o l l o i d a l  d im e n s io n s .  
W hether or n o t  th e s e  u n i t s  d i s i n t e g r a t e  upon b e in g  d is p e r s e d  
g iv e s  r i s e  to  c o n tr o v e r s y ,  a lth o u g h  m ost o f  th e  p h y s ic a l  
e v id e n c e  in d ic a t e s  th a t  th e  c e l l u l o s e  r e t a i n s  i t s  c o l l o i d a l  
d im e n s io n s . D if f e r e n c e s  o f  o p in io n  e x i s t  a s  t o  w hether th e s e  
d is p e r s io n s  can  r i g h t l y  b e c o n s id e r e d  as  m o le c u le s  in  th e  
c h e m ic a l s e n s e ,  or w hether th e y  sh o u ld  b e c o n s id e r e d  m o le c u la r  
s im p ly  i n  th e  p h y s ic a l  s e n s e .  I t  i s  p erh ap s b e t t e r  t o  c o n s id e r  
th e  m o le c u la r  w e ig h ts  a s  p a r t i c l e  w e ig h t s ,  a lth o u g h  e v id e n c e  
i s  b e in g  c o l l e c t e d  t o  p rove th a t  c e l l u l o s i c  m a t e r ia ls  e x i s t  
a s  m acrom olecu les in  a ch e m ic a l as w e l l  a s a p h y s ic a l  s e n s e .
We know th a t  any a ttem p t to  m easure th e m o le c u la r  w e ig h t  b y  
th e  e l e v a t io n  o f  th e  b o i l i n g  p o in t  or th e  d e p r e s s io n  o f  th e  
f r e e z in g  p o in t ,  w ould  be u n c e r ta in  and in c o n c lu s iv e .  When­
e v er  th e  m o le c u la r  w e ig h t e x c e e d s  a few  th o u sa n d , th e  change  
in  th e  b o i l in g  p o in t ,  f r e e z in g  p o in t ,  or  vapor p r e s s u r e ,  i s  
to o  sm a ll t o  b e  m easured w ith  s u f f i c i e n t  p r e c i s i o n  a t  th e  lo w  
c o n c e n tr a t io n s  n e c e s s a r y  f o r  a s a t i s f a c t o r y  m o le c u la r  w e ig h t  
d e te r m in a t io n . E very  method f o r  th e  d e te r m in a t io n  o f  th e  
m o le c u la r  w e ig h t  o f  m acrom olecu les h as b een  a p p lie d  on c e l l u ­
lo s e  and i t s  d e r i v a t i v e s .
Osm otic p r e s s u r e  m easurem ents have b een  a p p l ie d  in  
th e l a s t  few  y e a r s  to  th e  d e te r m in a t io n  o f  th e  m o le c u la r
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w e ig h t o f  c e l l u l o s e  d e r i v a t i v e s  in  o r g a n ic  s o l v e n t s ,  b u t  
we h ave y e t  to  e s t a b l i s h  a c l a s s i c a l  m ethod fo r  t h i s  s tu d y .  
Buchner and Barnwell by  t h i s  method fou n d  v a lu e s  f o r  th e  
m o le c u la r  w e ig h t r a n g in g  from  1 8 ,0 0 0  to  6 0 ,0 0 0 .
Herzog and K ruger^, u s in g  a cuprammonium s o lu t io n  
o f  c e l l u l o s e ,  fou n d  v a lu e s  f o r  a m o le c u la r  w e ig h t  a s  h ig h  
as 5 0 0 ,0 0 0 .  They made u se  o f  E in s t e in ’ s d i f f u s i o n  la w ,  
w hich d e a ls  w ith  s p h e r ic a l  p a r t i c l e s  in  d i l u t e  s o l u t i o n s ,  
a s t a t e  in  w hich  th e  d i f f u s i o n  o f  th e  p a r t i c l e  i s  u n h in d ered  
b y  th e  p r e se n c e  o f  o th e r  p a r t i c l e s .  The c e l l u l o s e  m o le c u le ,  
on the o th e r  h an d , a c c o r d in g  to  x - r a y  e v id e n c e  i s  shown a s  a 
h i ^ l y  e lo n g a te d  s t r u c t u r e .  Due t o  th e  l i m i t a t i o n s  in  t h i s  
m ethod, i t  i s  d i f f i c u l t  to  o b ta in  ev en  a rough e s t im a te  o f  
th e m agnitude o f  th e  m o le c u la r  w e ig h t .
D ir e c t  e v id e n c e  o f th e  h ig h  m o le c u la r  w e ig h t  o f  
c e l l u l o s e  has been  o b ta in e d  by means o f  th e  u l t r a c e n t r i f u g e .  
Here t o o ,  a s o lu t io n  o f  c e l l u l o s e  in  cuprammonium i s  u s e d .  
The m easurem ents a re  b a sed  on th e  s e d im e n ta t io n  v e l o c i t y  
method in  a h ig h  c e n t r i f u g a l  f i e l d ,  in  w hich  th e  f o r c e  o f  
g r a v i ty  i s  in c r e a s e d  ov er  one hundred th o u sa n d fo ld . By t h i s  
method th e  m o lec u la r  w e ig h t  o f  c o t to n  l i n t e r s  was found to  
be 4 0 ,0 0 0  ^  5 ,0 0 0 .  These m easurem ents fu r n is h  no e v id e n c e  
a s  to  th e  shape o f  th e  d is p e r s e d  c e l l u l o s i c  p a r t i c l e s .  I t  
i s  s u g g e s te d ,  th o u g h , th a t  th e  p a r t i c l e s  m ust b e  q u ite
1 .  Buchner and Wamwel, 1 9 3 3 , "M olecular W eight o f  A c e to -  
c e l l u l o s e  and N i t r o c e l lu lo s e " ,  Faraday S o c . T r a n s .,  
p p . 2 9 ,  3 2 -4 0
2 .  Stamm, A. J . , i b i d . , p .  28
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a sy m m e tr ic a l, due to  th e  f a c t  th a t  su ch  low  c o n c e n tr a t io n s  
a re  n e c e s s a r y  to  s e c u r e  f r e e  d i f f u s i o n .  A m o d if ic a t io n  o f  
t h i s  m ethod o f  d e te r m in in g  m o le c u la r  w e ig h t  i s  th e  s e d i ­
m e n ta tio n  -e q u il ib r iu m  m eth od . Only a s u f f i c i e n t  c e n t r i f u g a l  
f o r c e  i s  r e q u ir e d  to  g iv e  .a m easu rab le  c o n c e n tr a t io n  change  
w ith  h e ig h t  in  th e  c e l l  r e s u l t i n g  from  an e q u il ib r iu m  b etw een  
th e  r a t e  o f  s e t t l i n g  o f  th e  d is p e r s e d  p a r t i c l e s  and t h e ir  
d i f f u s i o n  in  th e  o p p o s ite  d i r e c t i o n .  The m o le c u la r  w e ig h ts  
o f  a number o f  wood c e l l u l o s e s  have b een  d eterm in ed  by t h i s  
m ethod , and th ey  w ere found to  a g ree  w ith  th e v a lu e  o b ta in e d  
f o r  c o t to n  l i n t e r s ,  th a t  i s  4 0 ,0 0 0  +  5 ,0 0 0 .
Mark^ found a v a lu e  f o r  th e  m o le c u la r  w e ig h t  o f  
c e l l u l o s e  o f  1 ,0 0 0 ,0 0 0 .  He th ou gh t th a t  th e  d is p e r s io n
u n i t s  o f  c e l l u l o s e  were o f  th e  same m agnitude a s  th e  m i­
c e l l a r  lo n its  found in  th e  s o l i d  c r y s t a l  l a t t i c e  -  500 A 
by 50 A. He d e f i n i t e l y  shows th a t  th e  sp r e a d in g  o f  th e  
x -r a y  d i f f r a c t i o n  r in g s  o f  r e g e n e r a te d  c e l l u l o s e  i s  n o t  
d ep en d en t upon th e  sp eed  a t  w hich c e l l u l o s e  i s  r e g e n e r a te d  
from  s o lu t io n .  He sa y s  th a t  i f  th en  th e  s o l i d  c r y s t a l  
l a t t i c e  m ic e l la r  u n i t s  were fu r th e r  d is in t e g r a t e d  on 
s o l u t i o n ,  t h e .r a t e  o f  r e g e n e r a t io n  sh o u ld  a f f e c t  th e  e x t e n t  
to  w hich th e y  can r e a r r a n g e , an d , t h e r e f o r e ,  t h e ir  s i z e .
C o n s id e r a b le  work h as b een  done in  order to  
d eterm in e  th e  m o lec u la r  w e ig h t and c h a r a c te r  o f  c e l l u l o s e  
b y  s im p le  v i s c o s i t y  m easurem ents. Im m ed ia te ly  we run in t o  
a d i f f i c u l t y  in  t h i s  m ethod in  th a t  the v i s c o s i t y  i s  d e ­
p en d en t upon th e  s t a t e  o f  a g g r e g a t io n  o f  th e  d is p e r s e d
1 . Mark, 1 9 3 0 , Uber Der V erb a lten  Der H ochpolm eres in  
hosung h o l lo i d  ZTshr 53: 3 2 -46
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p a r t i c l e s  and t h e ir  sh a p e . S ta n d ig e r ^  h as shown th a t  th e  
e m p ir ic a l  r e l a t io n s h i p  Nsp -  Km CM, or  HSp = KiCL, w here  
Nsp i s  th e  in c r e a s e  in  r e l a t i v e  v i s c o s i t y  ca u se d  b y  th e  
a d d it io n  o f  th e  s o l u t e ,  C r e p r e s e n t s  th e  c o n c e n t r a t io n ,
M th e  m o lec u la r  w e ig h t ,  L th e  p a r t i c l e  l e n g t h ,  and and 
Ki a re  c o n s ta n ts  c h a r a c t e r i s t i c  o f  th e  p a r t ic u la r  s o l v e n t ,  
h o ld s  good f o r  lo n g  c h a in  p o lym ers whose m o le c u la r  w e ig h ts  
go up as h ig h  as 1 0 ,0 0 0 .  He worked w ith  t h i s  a s  a b a s i s ,  
and assum ing t h a t  th e  am ylene o x id e  r in g  s t r u c tu r e  was 
p r e s e n t  in  th e  c e l l u l o s e  m o le c u le ,  he gave u s  a m o le c u la r  
w e ig h t  v a lu e  o f  1 2 0 ,0 0 0 , and a c h a in  le n g t h  o f  3 ,9 0 0  A . ,  
c o n s id e r in g  th e  c h a in s  a s  s in g le  m o le c u le s .  Even th ou gh  h i s  
work in  t h is  i s  r a th e r  s p e c u la t iv e ,  he p r o v e s  t h a t  th e r e  i s  
an in d ic a t io n  o f  a r e la t io n s h ip  b etw een  v i s c o s i t y  and th e  
le n g th  o f  the m o le c u la r  c h a in s .
B e fo re  we p a s s  from  c e l l u l o s e  to  c e l l u l o s e  p r o ­
d u c ts  and d e r i v a t i v e s ,  i t  m igh t b e w e l l  to  g iv e  th e  one 
p o s i t i v e  i d e n t i f i c a t i o n  t e s t  f o r  c e l l u l o s e .  A lth ou gh  we a s s ig n  
th e  form u la  (CgH^gOg)^ to  c e l l u l o s e ,  we know l i t t l e  o f  i t s  
a b s o lu te  s t r u c t u r e .  There a re  n e c e s s a r i l y  s t r u c t u r a l  f a c t o r s ,  
su ch  as  lo n g  prim ary v a le n c e  c h a in s ,  m i c e l l e s  o f  c e r t a in  s i z e  
and form , e t c .  I t  i s  e a s y  to  s e e ,  t h e r e f o r e ,  th a t  ch e m ic a l  
m ethods f o r  d e te r m in in g  w hether an unknown p r e p a r a t io n  was 
c e l l u l o s e  or n o t  may f a i l .  There i s ,  h o w ev er , one m ethod  
o f  i d e n t i f i c a t i o n  w hich  may be r e l i e d  o n . I t  in v o lv e s  th e  
f o l lo w in g  s t e p s :  E s t e r i f y  ( a c e t a t e  or n i t r a t e )  th e  unlcnown
and d i s s o l v e  in  a c e to n e  or an a c e t o n e - a lc o h o l  s o l u t i o n .
1 .  Stamm, A. J . , i b i d . . 3 1 -3 2
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S p in  th e  s o lu t io n  in t o  a f i b e r  under t e n s io n .  S a p o n ify  or 
r e g e n e r a te  the c e l l u l o s e ,  and t e s t  th e  p ro d u ct b y  an x -r a y  
d i f f r a c t i o n  p a t t e r n .  I f  th e  o r i g in a l  m a te r ia l  was c e l l u l o s e ,  
th e n  th e  f i n a l  f i b e r  p a t t e r n  o b ta in e d  w i l l  b e  u n m ista k a b ly  
c h a r a c t e r i s t i c  o f  any n a t iv e  or m e r c e r iz e d  c e l l u l o s e .
CHAPTER I I  
THE DEGRADATION PRODUCTS ÛP CELLULOSE
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CHAPTER I I  
THE DEGRADATION PRODUCTS OP CELLULOSE
The d e g r a d a t io n  p r o d u c ts  o f  t h e - a c e t o l y s i s ,  
h y d r o ly s i s ,  or h e a t  d e c o m p o s it io n  o f  c e l l u l o s e  a r e  f o r  th e  
m ost p a r t  d e r iv a t iv e s  o f  g lu c o s e  or  c e l l u h i o s e .  A ccord in g  
to  Dore*e^, th e  more im p o rta n t d e g r a d a tio n  p r o d u c ts  may h e  
c l a s s i f i e d  as th o s e  form ed by:
A . A c t io n  o f  aqueous a c id s  (NCI, e t c . )  -  g lu c o s e ,  
hydr oxyme th y 1 - fu r f u r  a 1
B . A c tio n  o f  anhydrous h a lo g e n  a c id s :  c h lo r o -  and 
bromo-me t h y l f u r f u r a l .
G. A c tio n  o f  phosphorus p entabrom ide (on a c e t y l c e l -  
lu l o s e )  1 -6  dibrom o -2 :  3 : 5 t r i  a c e t y l  g lu c o s e
D. A c t io n  o f  th e  r e a g e n t s  t h a t  b r in g  a b o u t a c e t o l y s i s :  
c e l lo g lu c o s a n ,  c e l l o b i o s e  o c t a c e t a t e ,  a ce to -b ro m o -  
c e l l o b i o s e ,  i s o  c e l l o b i o s e  a c e t a t e ,  hexa a c e t y l b i o s e  
a n h y d r id e , h e x a -  and t e t r a -  a c e t y l  c e l l o b io s e a n -  
h y d r id e , and n o n a -a c e ty lt r ih e x o s a n
E. A c t io n  o f  h e a t :  G lucosan
There i s  a v e r y  irarked and d i s t i n c t  r e l a t io n s h i p  
b etw een  c e l l u l o s e  and one o f  i t s  m ost im p o rta n t d e g r a d a t io n  
p r o d u c ts ,  g lu c o s e *  Sh ould  we h e a t  c e l l u l o s e  in  a vacuum , 
we sh o u ld  g e t  a 50 per c e n t  y i e l d  o f  g lu c o s a n . C e l lu lo s e  
w ith  72 per c e n t  s u l f u r i c  a c id  w i l l  g iv e  a 95 p er  c e n t  o f  
th e  t h e o r e t i c a l  y i e l d  o f g lu c o s e  from  a known w e ig h t o f  
h y d r o ly z e d  c e l l u l o s e .  The a c e t o l y s i s  o f c e l l u l o s e  form s  
c e l l o b i o s e ,  w h ich  i s  c l o s e l y  r e l a t e d  to  g lu c o s e .  C e l l u l o s e ,  
m e th y l-  and a c e t y l  c e l l u l o s e  on h y d r o ly s is  or a c e t o l y s i s
1 .  C. Dore"e^ "Methods o f  C e l lu lo s e  C hem istry*', 1 9 3 3 , p .
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a c t  th u s ;
T ri A c e t y l  C e l lu lo s e
V
M ethyl ( l lu c o s id e
G lucose
T ri M ethyl C e l lu lo s e  
W
T ri M eth y lm ethy l 
G lu e o sid e
V
2 ,  3 ,  6  m?l M ethyl 
G lu cose
V
2 ,  3 ,  5 ,  6  T etra  
M ethyl G lu cose
C e l lo b io s e
kOc t a ­
me th y  1 C e l lo ­
b io s e
k
2 ,  3 ,  6  T ri 
M ethyl G lu cose
The a c t io n  o f  d i l u t e ,  c o n c e n tr a te d , and "super" co n ­
c e n tr a te d  a c id s  on c e l l u l o s e  h a s  b een  w id e ly  in v e s t ig a t e d *
The a c t io n  o f  d i l u t e  s u l f u r i c  a c id  h as b een  th o r o u g h ly  and 
s u c c e s s f u l ly  in v e s t ig a t e d  b y  M o n ier -W illia m s^ , They w ere  
a b le  to  i s o l a t e  g lu c o s e  in  a f i n e  c r y S t a l in e  form  and to  
o b ta in  a y i e l d  w hich was ab o u t 95 p e r  c e n t  o f  th e  t h e o r e t i c a l*  
Ten grams o f  c o t t o n  w ool w ere d i s s o lv e d  i h  ab ou t 50 c*c*  o f  
72 per c e n t  s u l f u r i c  a c i d ,  and th e dark  c o lo r e d  v is c o u s  s o lu ­
t io n  w hich  r e s u l t e d  was a llo w e d  to  s ta n d  f o r  a week a t  ab ou t  
20-25®C. The s u l f u r i c  a c id  s o lu t io n  was th en  d i lu t e d  to  5 
l i t e r s  w ith  d i s t i l l e d  w a te r , and b o i le d  under r e f l u x  fo r  
f i f t e e n  hours*  A l i t t l e  d a r k -c o lo r e d  f l o c c u l e n t  p r e c i p i t a t e  
i s  v i s i b l e  in  th e  s o lu t io n *  The l i q u i d ,  a f t e r  i t  h as b een  
f i l t e r e d ,  i s  p r a c t i c a l l y  c o l o r l e s s .  W ith l itm u s  a s  an 
in d ic a t o r ,  n e u t r a l i z e  i t  w ith  barium  c a r b o n a te , f i l t e r  t i l l  
c l e a r ,  and e v a p o r a te  under a red u ced  p r e s s w e  o f  40 mm. As 
a l k a l i n i t y  d e v e lo p s  upon th e  c o n c e n tr a t io n  o f  th e  p ro d u ct  
i t  i s  w e l l  to  add a few  d rop s o f  m eth y l r e d  t o  th e  d i s t i l l i n g
1 ,  M o n ie r -W illia m s,  Chem. S o c . T r a n s .,  1 9 2 1 , 1 1 9 , 803
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f l a s h  in  ord er  to  keep  th e  s o lu t io n  n e u t r a l .  The r e s id u e  
from  th e  d i s t i l l a t i o n  i s  e x tr a c te d  under r e f l u x  w ith  a c e to n e  
f r e e  m eth y l a lc o h o l .  I t  i s  th en  f i l t e r e d  and d e c o lo r iz e d  b y  
a sm a ll q u a n t i ty  o f  an im al c h a r c o a l ,  and th e  s o lu t io n  ev a p o ­
r a te d  in  a c u r r e n t o f  d ry  a i r  a t  a low  te m p e r a tu r e . The 
c r y s t a l s  form  on th e  s id e s  o f  th e  c o n ta in e r  and a r e  c o m p le te ly  
c r y s t a l l i n e  and w h i t e .  The y i e l d  o b ta in e d  was 9 .7 8  gram s, o r  
97 p er c e n t .
As e a r ly  a s  1 8 1 9 , th e  French  c h e m is t  B racon n ot  
d is s o lv e d  o ld  l in e n  ra g s  in  c o n c e n tr a te d  s u l f u r i c  a c i d .  He 
d i lu t e d  th e  s o lu t io n  w ith  w a te r , and b o i l e d  i t  f o r  a p e r io d  
o f  ten  h o u r s . He n e u t r a l iz e d  i t  w ith  lim ^  f i l t e r e d  o f f  th e  
in s o lu b le  m a tter  p r e s e n t ,  and c o n c e n tr a te d  th e  syrup  b y  a 
p r o c e s s  o f  e v a p o r a t io n . The g lu c o s e  c r y s t a l l i z e d  o u t from  
t h i s .  L a te r ,  saw dust was u sed  to  make a lc o h o l  b y  th e  u se  o f  
h o t  d i l u t e  s u l f u r i c , s u l f u r o u s , or h y d r o c h lo r ic  a c i d s ,  and a s  
much a s  16 g a l lo n s  o f  95 p er  c e n t  a lc o h o l  was o b ta in e d  from  
each  to n  o f  th e  sa w d u st. Some t r e a te d  saw dust w ith  su p e r ­
c o n c e n tr a te d  h y d r o c h lo r ic  a c id ,  removed m ost o f  th e  a c id  in  a  
vacuum and s p r a y -d r ie d  th e  r e s u l t i n g  sy r u p . I t  y ie ld e d  on 
th e  a v era g e  about 75 p er c e n t o f  an impure g lu c o s e ,  w hich  
was p a r t i c u l a r ly  a d a p ta b le  in  i t s  crude form  as a n u t r i t io u s  
c a t t l e  f o o d .
S e v e r a l la b o r a to r y  p r e p a r a t io n s  o f  g lu c o s e  were 
made in  th e  f o l lo w in g  manner from  s u r g ic a l  c o t to n  (9 3 -9 5  p er  
c e n t  c e l l u l o s e ) ;  A su per c o n c e n tr a te d  s o lu t io n  o f  HCl was 
u s e d . The s u r g ic a l  c o t t o n ,  w e ig h in g  3 .0 0 0 0  gram s, was p la c e d
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in  a c o n ta in e r  o f  c o n c e n tr a te d  h y d r o c h lo r ic  a c id  w hich  was 
p r e v io u s ly  c o o le d  to  0 ° .  H y d ro c h lo r ic  a c id  gas was p a s se d  
in t o  i t  c o n t in u o u s ly  f o r  a p e r io d  o f  two h o u r s . The c o t to n  
tu rn ed  f i r s t  to  a gummy, tr a n s p a r e n t  s u b s ta n c e ,  w h ich  b rok e up 
and f i n a l l y  d i s s o l v e d ,  g iv in g  a r a th e r  v is c o u s  s o l u t i o n .  The 
s o lu t io n  was a llo w e d  to  s ta n d  fo r  th r e e  h o u r s , and th en  th e  
a c id  was ev a p o ra ted  under red u ced  p r e s s u r e  so  a s  n o t  t o  ch ar  
any sugar th a t  m ig h t be p r e s e n t .  A l l  o f  th e  a c id  d id  n o t  
e v a p o r a te , so  th e  su gar s o lu t io n  l e f t  had to  be s p r a y -d r ie d  
in  ord er t o  remove th e  a c id .  The f i n a l  p ro d u ct was a l i g h t  
y e l lo w  syrup  w hich r e fu s e d  to  c r y s t a l l i z e  from  a lc o h o l  and  
w a te r , r e g a r d le s s  o f  th e  p r o p o r t io n s  u s e d . T h is i s  due to  
th e  c o n ta m in a tio n  w ith  d e x t r in e , c e l l o b i o s e ,  e t c .  T itr a te d  
w ith  B e n e d ic ts  s o l u t i o n ,  th e  sam ple was found  to  c o n ta in  
.3 8 5 3  grams of s u g a r ,  w hich  r e p r e s e n t s  a 1 2 .8 4  p er  c e n t  y i e l d .  
Larger y i e l d s  u n d o u b ted ly  c o u ld  b e o b ta in e d  by a l lo w in g  a 
lo n g e r  tim e f o r  h y d r o ly s is  to  take p la c e .  % en  th e  s o lu t io n  
i s  ev a p o ra ted  te n  m in u tes  a f t e r  i t  i s  form ed , a la r g e  p er c e n t  
o f  sugar w i l l  b e  p roved  t o  b e p r e s e n t  b y  F e h lin g s  s o lu t io n ;  
b u t  m ost o f  the c o t t o n  or d e g r a d a t io n  p r o d u c ts  a r e  p r e c i p i t a t e d  
on e v a p o r a t io n  or a d d it io n  o f  a la r g e  q u a n t ity  o f w a te r .
A f te r  th e  d is c o v e r y  b y  O st and h i s  p u p i l s  th a t  when 
c e l l u l o s e  i s  t r e a t e d  w ith  a m ix tu re  o f  a c e t i c  a n h y d r id e , a c e t i c  
a c id ,  and s u l f u r i c  a c i d ,  an a c e t a t e  o f  c e l l o b i o s e  c o u ld  be  
o b ta in e d , many e x p e r im e n te r s  have worked on th e  numerous p r o ­
d u c ts  o f  th e  a c e t o l y s i s  of c e l l u l o s e .  H ess and F r ie s e ^  m a in ta in
1 .  K. H ess and H. F r i e s e ,  A n n a len , 1 9 2 6 , 4 5 0 , 40
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th a t  a c e t o l y s i s  le a d s  to  th e fo r m a tio n  o f  th e  same ch e m ic a l  
in d iv id u a l s ;  n a m ely , a c e t y l  c e l l u l o s e ,  a c e t y lb io s a n ,  i s o -  
c e l l o b i o s e  a c e t a t e ,  and c e l l o b i o s e a c e t a t e .  The p r o p o r t io n  o f  
any one o f  t h e s e  depends upon th e  c o n d it io n s  o f  the r e a c t i o n .
In  th e  la b o r a to r y  a c e t y lb io s a n  was p rep ared  a f t e r  
th e  f o l lo w in g  p ro ced u re: P repare a m ix tu re  o f  150 c . c .  o f
a c e t i c  an h yd rid e and 150 c . c .  o f  g l a c i a l  a c e t i c  a c id .  C ool 
t h i s  m ix tu re  to  -18°C  and g r a d u a lly  in tr o d u c e  4 c . c .  o f  co n ­
c e n tr a te d  s u l f u r i c  a c id  and 40 grams o f  c o t to n  w o o l. The 
tem p eratu re sh o u ld  n o t  r i s e  about - 5 ° .  The m ix tu re  i s  k e p t  
a t  50° fo r  60 h o u r s , and th e  y e l lo w  s o lu t io n  i s  f i l t e r e d  to  
remove any in s o lu b le  m a tte r . The s o lu t io n  i s  poured  d i r e c t l y  
in to  c o ld  w a te r , and th e  p r e c i p i t a t e  s e p a r a te s  o u t .  T h is may 
be p u r i f i e d  by  b o i l i n g  w ith  m eth y l a lc o h o l  and a llo w in g  i t  
to  come o u t upon c o o l in g .  A sn ow -w h ite  powder i s  th e p r o d u c t ,  
w h ich , i f  p rep ared  c o r r e c t ly ,  p o s s e s s e s  a m e lt in g  p o in t  o f  
2 4 7 .5C, T his b io s a n  a c e t a t e  i s  in s o lu b le  in  e t h e r ,  and i s  
w ith  d i f f i c u l t y  s o lu b le  in  h o t  a b s o lu te  m eth y l a lc o h o l  and 
b e n z e n e . I t s  m o le c u la r  w e ig h t  i s  in  th e  n eigh b orh ood  o f  
5 6 8 -7 0 0 .
Pure b io s a n  may b e  o b ta in e d  by s a p o n ify in g  th e  
a c e t a t e  w ith  a 1 0  per c e n t  e x c e s s  2 -N m eth y l a lc o h o l i c  sodium  
h y d r o x id e . A f te r  ab ou t 12 h ou rs s ta n d in g  a t  room te m p e r a tu r e ,  
th e  b io s a n  i s  i s o l a t e d  a s  a w h ite  pow der. I t  i s  in s o lu b le  
in  a l l  o rg a n ic  s o lv e n t s  a s  w e l l  a s  in  w a te r . I t  i s  f a i r l y  
s o lu b le  in  a'. 2-N  sodium  h y d ro x id e  s o l u t i o n .  I t  can be p r e ­
c i p i t a t e d  from  a lk a l in e  s o lu t io n s  b y  th e  a d d it io n  o f  a c id s
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or ammonia, and i t  s l i g h t l y  red u c e s  P e h l in g ’ s S o lu t io n ,
The f o l lo w in g  c o n s t i t u t io n  f o r  h io s a n  i s  b e l i e v e d  p o s s i b l e
In  1879 F ranchim ont f i r s t  i s o l a t e d  th e  sugar  
o e l lo b io s e  w hich r e s u l t e d  from  th e a c e t o l y s l s  o f  c e l l u l o s e .  
This su gar was s t u d ie d  c l o s e l y  by Skraup and K oenig^ and o th e r  
i n v e s t i g a t o r s ,  A s e r i e s  o f  ex p er im en ts  on th e y i e l d  o f  
o e l lo b io s e  o b ta in e d  from  d i f f e r e n t  ty p e s  o f c e l l u l o s e  
The o c t a - a c e t a t e  was p rep ared  and 20 grams o f  th e  o c t a -  
a c e t a t e  w ere p rep a red  from  19 grains o f  s ta n d a rd  c e l l u l o s e ,  
D oree^ g iv e s  an e x c e l l e n t  m ethod o f  p r e p a r in g  the  
o c t a - a c e t a t e ,  w hich  was fo l lo w e d  in  my la b o r a to r y  w ork. Add 
2 0  grams o f  c o t to n  w ool in  s m a ll p o r t io n s  to  a p r e v io u s ly  
c o o le d  m ix tu re  o f  75 c . c ,  o f  g l a c i a l  a c e t i c  a c id  and 75 c . c ,  
o f  a c e t i c  an h yd rid e to  w hich  a t  -IS^  G, 8  c . c ,  o f  c o n c e n tr a t ­
ed E2 SO4  h as b een  a d d ed . The tem p era tu re  a t  w hich  t h i s  i s  
done sh o u ld  be k e p t b e lo w  5 ° .  A llo w  t h i s  to  s ta n d  two hours  
a t  ab ou t 20® C, and th en  in  a th e r m o sta t  a t  30®. I t  d i s s o l v e s  
in  e ig h t  h o u r s , and th e  f i r s t  c r y s t a l s  form  in  f i v e  or s i x
1 ,  H. Skraup and J , K o en ig , M o n a tsh ,,  1 9 0 1 , 2 2 , 1016
2 ,  C. D o r e e , "Methods o f  C e l lu lo s e  C h em istry " , 1 9 3 3 , p .  201
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d a y s . Hie y i e l d  i s  a b o u t 10 gram s. To change th e  c e l l o -  
b io s e  o c t a - a c e t a t e  to  pure c e l l o b i o s e ,  th e  m ethod o f  P e te r so n  
and Spencer^  can be f o l lo w e d .  A 10 per c e n t  s o lu t io n  o f  
sodium  e t h y la t e  i s  p rep a red  in  95 per c e n t  a lc o h o l .  F in e ly  
p u lv e r iz e  1 0  grams o f  c e l l o b i o s e  o c t a - a c e t a t e ,  and add i t  
to  85 c . c .  o f  t h i s  s o l u t i o n  d u r in g  an h o u r , k e e p in g  th e  
m ix tu re  c o n s t a n t ly  s t i r r e d ,  Hie r e a c t io n  i s  v e r y  r a p id  and 
i s  co m p leted  in  l e s s  th an  an h o u r . The sodium  s a l t  form ed  
i s  c o l l e c t e d ,  w ashed w ith  a b s o lu te  a lc o h o l ,  and d i s s o lv e d  in  
a minimum amount o f  i c e  w a te r , and f i l t e r e d .  To t h i s  add 
g l a c i a l  a c e t i c  a c id  v e r y  s lo w ly  u n t i l  a p r e c i p i t a t e  b e g in s  
to  form . The c e l l o b i o s e  i s  c o m p le te ly  c r y s t a l l i z e d  a t  th e  
end o f  f i f t e e n  or tw en ty  m in u tes  a f t e r  s u f f i c i e n t  g l a c i a l  
a c e t i c  a c id  has b een  ad d ed . The crude c e l l o b i o s e  i s  p u r i ­
f i e d  b y  d i s s o lv in g  in  w a te r , f i l t e r i n g ,  and a d d in g  a c e to n e  
u n t i l  r e p r e c ip i t a t i o n  b e g in s .  The form u la  f o r  c e l l o b i o s e  
o c t a - a c e t a t e  and c e l l o b i o s e  may be w r it t e n  th u s:
1 ,  F . C, P e te r s o n  and C. C, S p e n cer , J , Amer, Chem, S o c , ,  
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CHAPTER I I I  
CELLULOSE ACETATE
The r e a c t io n  b etw een  c e l l u l o s e  and a c e t i c  an h yd rid e  
sh o u ld  t h e o r e t i c a l l y  produce a t r i - a c e t a t e  o f  the g e n e r a l  
fo rm u la  CgHyOg (OCOCHg)g, When th e  p ro d u ct i s  exam ined , 
h o w ever , p a r t ,  a t  l e a s t ,  shows what we b e l i e v e  to  be d i -  
and m o n o -a c e ta te s .  The t r i - a c e t a t e  i s  p ro b a b ly  form ed  
f i r s t ,  and t h i s  h y d r o ly z e s  to  form  the d i -  and mono­
a c e t a t e s .  R e c e n t ly  i t  h as b een  shown b y  x -r a y  a n a ly s i s  
t h a t  o n ly  th e  t r i - a c e t a t e  i s  form ed , b u t  t h i s  has b een  d i s ­
p u te d .
In  th e  a c é t y l a t io n  o f  c e l l u l o s e  th e p ro d u ct f i r s t  
form ed i s  an a c e t a t e  w hich  i s  s o lu b le  in  ch lo ro fo rm  and i n ­
s o lu b le  in  a c e to n e .  T h is i s  known as a prim ary a c e t a t e .
A f t e r  a " r ip en in g"  p e r io d ,  th e  d i -  and t r i - a c e t a t e s  w hich  
a re  s o lu b le  in  a c e to n e  are  o b ta in e d . These are known a s  
th e  seco n d a ry  a c e t a t e s .  V ariou s c a t a l y s t s  a r e  em ployed in  
t h i s  r e a c t io n ,  m ost o f  w hich a r e  d e h y d r a tin g  a g e n t s .  S u l­
f u r i c  a c id ,  p h o sp h o r ic  a c i d ,  th e  c h lo r id e s  and o x y c h lo r id e s  
o f  s u lf u r  and p h o sp h o ru s , z in c  c h lo r id e ,  d im eth y l s u l f a t e ,  
c h lo r a c e t i c  a c id  a re  some o f  th e  c a t a l y s t s  u se d . S u lfu r ic  
a c id  i s  g e n e r a l ly  u sed  in  the la b o r a to r y ,  b u t  a c t u a l l y  i t  i s  
a poor c a t a l y s t .  Due to  i t s  d eg ra d in g  a c t io n  upon c e l l u l o s e  
and i t s  fo r m a tio n  o f  s u lp h o -a c e ta te s  w hich can n ot be se p a r a te d  
from  the p r o d u c t , dark  s o lu t io n s  g iv in g  b r i t t l e  f i lm s  a re  ob­
t a in e d .  S u l f u r y l  c h lo r id e  i s  c o n s id e r e d  th e b e s t  c a t a l y s t ,  
even  though i t  i s  seldom  u se d .
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Modem m ethods for' th e  p r e p a r a t io n  o f  th e  a c e t a t e  
in v o lv e  f i v e  s t e p s j ^
1 .  A c é t y la t io n  o f  a ir  d ry  c e l l u l o s e  b y  a c e t i c -  
an h yd rid e and a c e t i c  a c id  in  th e  p r e se n c e  
o f  s u l f u r i c  a c id  or o th e r  c a t a l y s t s
2 .  The a d d it io n  o f  w ater  and a c e t i c  a c id  to  
produce h y d r o ly s i s ,  p r e c i p i t a t i o n  o f th e  a c e t a t e  
b e in g  a v o id e d
3 .  A r ip e n in g  p e r io d  a t  a f ix e d  tem p era tu re . T h is  
c o n d it io n s  th e  s o l u b i l i t y  and p h y s ic a l  p r o p e r t ie s  
o f  th e  f i n a l  p ro d u ct
4 .  The a d d it io n  o f  a la r g e  e x c e s s  o f  c o ld  w a te r ,  
w hich p r e c i p i t a t e s  th e  p ro d u ct in  w h ite  f l a k e s
5* W ashing, c e n t r i f u g i n g ,  and d r y in g  a t  20 -  30° C, 
C e llu lo s e  t r i - a c e t a t e  may be p rep a red  on a sm a ll  
s c a le  by c a r r y in g  o u t  th e f o l lo w in g  p r o c e d u r e C o o l  a 
m ix tu re  o f  f i v e  p a r t s  o f  a c e t i c  a c id  to  th r e e  p a r t s  o f  a c e t i c  
an h ydrid e to  5®G. In tr o d u ce  one p a r t  o f  c o t to n  to  t h i s ,  
c o n s t a n t ly  sh ak in g  and s t i r r i n g .  A fte r  a l l  th e  c o t t o n  has  
b een  added , you may in c r e a s e  th e  tem p eratu re to  20 -  25°C .
S t i r  u n t i l  th e  c o t to n  has a l l  d i s s o lv e d ,  and a l lo w  th e  
s o lu t io n  to  s ta n d . The a c e t a t e  may be p r e c ip i t a t e d  o u t o f  
s o lu t io n  b y  add ing th e  s o lu t io n  to  a la r g e  q u a n t i ty  o f  w a te r .  
F i l t e r ,  w ash , and d ry  in  a i r  (th e  d r y in g  m ust be com p lete  or  
th e  p ro d u ct w i l l  be in s o lu b le  in  a c e t o n e ) ,
I  p rep ared  a sam ple o f  c e l l u l o s e  a c e t a t e  in  t h i s  
manner; Ten grams o f  c o t to n  were m o is te n e d  w ith  f i v e  grams o f  
w a te r . T h is was p la c e d  in  a s o lu t io n  o f  60 grams o f  a c e t i c
D o r /e , '^Methods o f  C e l lu lo s e  C hem istry ’̂  p . 260  
2 .  D or^ e, i b i d . ,  p .  268
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an h yd rid e in  180 grams o f  b en zen e  to  w h ich  1 ^ grams o f  
h a s b een  ad d ed . T his was h e a te d  to  60 -  70®G fo r  f i v e  h o u r s .  
An a c e t a t e  was form ed w hich  was s o lu b le  in  c h lo r o fo r m . The 
form u la  0 5 1 1 7 0 2 ( 0 0 0 0 1 1 5 ) 3  h as b e e n  a s s ig n e d  to t h i s  p r o d u c t .
In  w orking w ith  c e l l u l o s e  a c e t a t e ,  n i t r a t e ,  or  
o th e r  e s t e r s ,  i t  i s  o f t e n  found n e c e s s a r y  in  f a c t o r y  r o u t in e  
and r e s e a r c h  work to  d e term in e  th e  b e s t  s o lv e n t .  T h is s o lv e n t  
may be a s in g le  l i q u i d  or a m ix tu re  o f  l i q u i d s ,  d ep en d in g  upon  
i t s  n a tu r e . An I n d ir e c t  way o f  a c c o m p lish in g  t h i s  i s  to  f in d  
th e  s o lv e n t  w hich  w i l l  g iv e  s o lu t io n s  t h a t  w i l l  b ea r  th e  
g r e a t e s t  d i l u t i o n  w ith  an in d i f f e r e n t  m is c ib le  n o n -s o lv e n t ;  
e . g . ,  p etro leu m  e th e r  b e fo r e  th e  c e l l u l o s e  in  th e s o lu t io n  i s  
p r e c ip i t a t e d  o u t .^  In  o rd er  to  f in d  th e  b e s t  s o lv e n t  f o r  one  
o f  t h e s e  c e l l u l o s e  e s t e r s ,  we make u se  o f th e  s o lv e n t  power 
num ber. The s o lv e n t  power b y  d e f i n i t i o n  i s  th e  "number o f  
c u b ic  c e n t im e te r s  o f  a m is c ib le  n o n -s o lv e n t  r e q u ir e d  to  
s t a r t  p r e c i p i t a t io n  o f  a c e l l u l o s e  e s t e r  from  1  gram o f  a 5  
p er  c e n t  s o lu t io n  a t  20®C", ^
In  a d d it io n  to  th e  c e l l u l o s e  e s t e r  o f  a c e t i c  a c id ,  
i t  m igh t be w e l l  to  m en tion  c e l l u l o s e  e s t e r s  o f  o th e r  
o r g a n ic  a c i d s .  In  th e  p r e se n c e  o f  proper c a t a l y s t s ,  such  a s  
s u l f u r i c  a c i d ,  z in c ,  c h lo r id e ,  g a seo u s  h y d r o c h lo r ic  a c id ,  or  
phosphorus p e n to x id e ,  fo rm ic  a c id  i s  a b le  to  e s t e r i f y  c e l l u l o s e  
to  c e l l u l o s e  mono- and d i- f o r m a t e s .  I f  th e  c e l l u l o s e  was
1 .  J . H a n d les , J . S o c . Chem. I n d . ,  19 2 3 , 5 2 , 127
2 .  D o ree , "Methods o f  C e l lu lo s e  C hem istry" , 19 3 3 , 278
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p r e v io u s ly  m o d if ie d ,  t h a t  i s ,  made r e a c t iv e  by r e g e n e r a t in g  
e 'ith e r  from  a 70 p er  c e n t  s o lu t io n  o f  s u l f u r i c  a c id  or from  
v i s c o s e ,  th e e s t é r i f i c a t i o n  can  p ro cee d  w ith o u t  th e a id  o f  a  
c a t a l y s t .  The fo rm y l e s t e r s  a re  in s o lu b le  in  m ost o r g a n ic  
s o lv e n t s  w ith  th e  p o s s i b l e  e x c e p t io n  o f  p y r id e n e  and fo rm ic  
a c i d .  They a r e ,  h o w ev er , s o lu b le  i n  aqueous s o lu t io n s  o f  
a c i d s ,  such  a s  l a c t i c ,  a c e t i c ,  h y d r o c h lo r ic ;  and o f  z in c  
c h lo r id e  and m ost t h io c y a n a t e s .  I f  th e  fo r m ic  a c id  c o n te n t  
o f  th e s e  e s t e r s  amounts to  as much a s  50 p er  c e n t  or m ore, 
th e y  f u r n is h  a m a te r ia l  w hich  i s  p a r t i c u l a r ly  s a t i s f a c t o r y  
f o r  m aking a f i n e  grade rayon  w ith  a h ig h  t e n s i l e  s t r e n g t h .
In  m aking rayon  from  c e l l u l o s e  fo r m a te , th e  form ate  
i s  d i s s o lv e d  in  fo rm ic  a c id  and i s  th e n  c o a g u la te d  by means 
o f  w a te r  or sodium  fo rm a te  s o l u t i o n .  C e l lu lo s e  b u ty r a te  
can  b e  p rep ared  in  a manner v e r y  s im i la r  to th a t  o f  th e  a c e ta te ,  
Many m ethods a re  em ployed -  th e  u se  o f  c a t a l y s t s ,  m o d if ie d  
c e l l u l o s e ,  and o rg a n ic  d i lu e n t s  to  r e ta r d  or m od ify  th e  r e ­
a c t i o n ,  The c e l l u l o s e  b u ty r a te  h as one d e c id e d  ad van tage over  
th e  a c e t a t e  in  th a t  i t  i s  s o lu b le  in  in e x p e n s iv e  s o lv e n t s  
su ch  a s  m ix tu r e s  o f  a lc o h o l  and b e n z e n e . The mono - ,  d i - ,  and 
t r i - c e l l u l o s e  e s t e r s  o f  l a u r i c ,  s t e a r i c ,  and p a lm it ic  a c id s  
are  b e l i e v e d  to  h ave  b een  p rep a red . These mono e s t e r s  are  
g r a in s  com posed o f  b rok en  f i b e r s ,  w hich are in s o lu b le  in  
o r d in a r y  s o l v e n t s ,  in  some o f  w hich  th e y  s w e l l .  The d i  
e s t e r s  e x i s t  b o th  a s  g r a in  or f i b e r s  w hich a re  s o lu b le  in  
many o rg a n ic  l i q u i d s ,  p a r t i c u l a r ly  b e n z e n e , c h lo r in a te d
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h y d r o c a r b o n s , f a t t y  a c i d s ,  and o i l s .  The t r i  e s t e r s  e x i s t  a s  
m asses  or p e l l i c u l e s  w hich a r e  s o lu b le  in  th e same s u b s ta n c e s  
a s  th e  d i  e s t e r s .  These e s t e r s  o f  th e  h ig h e r  f a t t y  a c id s  
a re  o f  l i t t l e  p r a c t i c a l  im p o rta n ce  and a r e  o f  l i t t l e  im ­
p o r ta n c e  e x c e p t  to  th e  c h e m is t .
A long w ith  th e  c e l l u l o s e  e s t e r s  we h ave a number 
o f  c e l l u l o s e  ebhers th a t  d e s e r v e  to  be m en tio n ed . C e l lu lo s e  
e th e r s  have b een  fou n d  to  be o f  g r e a t  im p ortan ce in  th e  
l a s t  few  y e a r s  in  m aking f i lm s  and th r e a d s  o f  a r t i f i c i a l  
s i l k .  The f i lm s  or th rea d s  o f  c e l l u l o s e  e th e r s  in  o r g a n ic  
l i q u i d s  are  o f  g r e a t  t e n a c i t y  and f l e x i b i l i t y .  B e s id e s  
th e s e  two q u a l i t i e s ,  th e y  a re  n on -in fla m m a b le  and a re  o f  low  
s p e c i f i c  g r a v i t y .  By th e  a c t io n  o f  b e n z y l c h lo r id e  on so d a -  
c e l l u l o s e  or  h y d r o c e l lu lo s e  in  the p r e se n c e  o f  an a l k a l i ,  a 
su b s ta n c e  i s  produced  w hich  i s  in s o lu b le  in  a l l  th e  u s u a l  
s o lv e n t s  and In  S c h w e itz e r ’ s r e a g e n t .  I t s  c o m p o s it io n  
s u g g e s t s  th e  form u la  o f  a mono b e n z y l e th e r  o f  c e l l u l o s e  
(^1 2 ^1 9 OlO^vHy)•  A r e p e t i t i o n  o f  th e  tr e a tm e n t le a d s  to  
p r o d u c ts  w hich  p o s s e s s  d e f i n i t e  m e lt in g  p o in t s  and w hich  
d i s s o l v e  in  o r g a n ic  s o l v e n t s .  In  th e  endeavor o f  C. D o ree l  
to  o b ta in  a f u l l y  b e n z y la te d  p ro d u ct a lo n g  th e  l i n e s  o f  
Gomberg and B u c k le r ^ , he found  t h a t  n o th in g  h ig h e r  than  the  
d ib e n z y l  d e r i v a t i v e  was o b ta in e d . The f o l lo w in g  fo rm u la s  
show th e  t h e o r e t i c a l  c o m p o s it io n  o f  a l l  th e  e th e r s  p o s s i b l e :
1 ,  C. D o ree , u n p u b lish e d  in v e s t ig a t i o n
2 , J . Amer, Chem, S o c , ,  1 9 2 1 , 4 3 ,  1904
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^ O H ) p
.GgHyOgT ^13% 6^5 —  M ono-benzyl
^  OC7 H7
(OH)
° 6 H 7 ° 2 \  °20® 22°5  D i-b e n z y l
^ ( 0 0 .713,7 ) 2
CgHyOg( OC7 H7 ) 5  CgyHggOg —— T r i-b e n z y l
In  a d d it io n  to  th e s e  p r o d u c ts ,  n i tr o -b e n z y l  
c e l l u l o s e ,  a l l y l c e l l u l o s e s , c e l l u l o s e  e th e r s  o f  p o ly h y d r ic  






The n i t r a t e  p r o c e s s  o f  m aking a r t i f i c i a l  s i l k  was 
d is c o v e r e d  by Count H i la ir e  de Chard on net  w h ile  he was 
co n n ec ted  w ith  th e  P o ly te c h n ic  S c h o o l o f  P a r i s . He d ev o ted  
b o th  h i s  l i f e  and h i s  f o r tu n e  in  th e  e f f o r t  to  p e r f e c t  i t .
A t th e  P a r is  e x h ib i t i o n  in  1889 sam p les o f  a r t i f i c i a l  s i l k  
were e x h ib i t e d ,  and two y e a r s  l a t e r  he s t a r t e d  a f a c t o r y  
a t  B esa n co n . C hardonnet t r i e d  s p in n in g  th e  f i la m e n ts  from  
c o l lo d io n ,  w hich i s  a s o lu t io n  o f  th e  n i t r i c  a c id  e s t e r s  o f  
c e l l u l o s e  in  a lc o h o l  and e t h e r .  He fo r c e d  th e  c o l lo d io n  
th rou gh  v e r y  f i n e  c a p i l l a r i e s ,  and a s  th e a lc o h o l  e th e r  
s o lv e n t  e v a p o r a te d , he o b ta in e d  th in  f i b e r s  o f  a r t i f i c i a l  
s i l k ,  w hich  he spun in t o  th r e a d . Even though t h i s  s i l k  was 
n o t  e x p lo s iv e ,  i t  was found  to  be v e r y  in fla m m a b le . In  
ord er to  make t h i s  s i l k  s a f e ,  means were fou n d  to  d e n it r a t e  
i t  by means o f  EeClg^ HGHO or ammonium hydrogen  s u l f i d e .
The d e n it r a t e d  p ro d u ct i s  b e l i e v e d  to  be a h y d r o c e l lu lo s e  
v e r y  s im i la r  in  n a tu re  to  th a t  o b ta in e d  from  m e rc er iz ed  
c o t t o n ,  and i t  p o s s e s s e s  th e  same s i l k - l i k e  p r o p e r t ie s .
The a c t u a l  n i t r a t i o n  o f  c e l l u l o s e  can be b rou gh t  
ab ou t b y  tr e a tm e n t o f  th e  c e l l u l o s e  w ith  c o n c e n tr a te d  n i t r i c  
a c id  a lo n e .  A c t u a l ly  in  p r a c t i c e ,  h ow ever , n i t r a t i o n  i s  
b ro u g h t about b y  th e  u se  o f  a m ix tu re  o f  c o n c e n tr a te d  n i t r i c  
and s u l f u r i c  a c i d s .  The amount o f  n itr o g e n  p r e s e n t  in  th e  
c e l l u l o s e  e s t e r  i s  d ep en d en t upon th e  amount o f  w ater p r e s e n t .  
The g r e a t e s t  n it r o g e n  c o n te n t  i s  b ro u g h t ab ou t when th e
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s u l f u r i c  a c id  a c t s  a s  th e  h y d r a te ;  e . g . ,  EN0 g 4 -n (H 2 8 0 ^ . HgO) 
and th e lo w e s t  n it r o g e n  c o n te n t  i s  b ro u g h t about ih e n  th e  
n i t r i c  a c id  i s  p r e s e n t  as th e  h y d r a te ,  a s  HNOg’ HgO. I t  
f o l lo w s  from  t h i s ,  t h e r e f o r e ,  th a t  th e  s u l f u r i c  a c id  d e ­
h y d r a te s  th e  n i t r i c  a c i d .
A cco rd in g  to  Doree% th e  f o l lo w in g  t a b le  sh ou ld  
co ver  a l l  th e  n i tr o  c e l l u l o s e s  th a t  a re  t h e o r e t i c a l l y  
p o s s i b l e ,  p r o v id e d , o f  c o u r s e ,  th a t  we assum e a Cg4  u n i t  
form u la  f o r  c e l l u l o s e  I n s te a d  o f  th e  cu stom ary  :
CELLULOSE FORMULA NITROGEN PER CENT
D o d e c a n itr a te 1 4 .1 6
E n d e c a n itr a te 1 3 .5 0
D e c a n itr a te G g 4 % 0 % o (% )l0 1 2 .7 8
E n n ea n itra te 1 1 .9 8
O c ta n itr a te ^ 24^ 32^ 20(^ 02)8 1 1 .1 3
Hep ta n i  t r a t e 0 2 4 ^3 3 0 2 0 (^ 0 2 ) 7 1 0 .1 9
H e x a n itr a te 0 2 4 5 3 4 0 2 0 (^ 0 2 ) 6 9 .1 7
P e n ta n itr a te 0 2 4 5 3 5 0 2 0 ( 5 0 2 ) 5 8 .0 5
Tet r a n i t r a t e 0 2 4 5 5 5 0 2 0 ( 5 0 2 ) 4 6 .7 7
B eca u se  o f th e  e x tr e m e ly  h ig h  n it r o g e n  c o n te n t  o f  
th e  e n d e c a n itr a te  and th e  d o d e c a n it r a te ,  from  a m anufactun ing  
p o in t  o f  v iew  th e y  have no com m ercia l v a lu e  b eca u se  th e y  are
1 .  G. D o ree , "Methods o f  C e l lu lo s e  C hem istry" , 1 9 3 3 , 221
30
to o  u n s t a b le .  N it r a t e  e s t e r s  w ith  a n it r o g e n  c o n te n t  o f  
1 0 .7  -  1 1 .2  p er c e n t  a re  s o lu b le  in  a l c o h o l .  They a re  
u se d  in  c o n ju n c t io n  w ith  t r i c r e s y l  p h o sp h a te , cam phor, and 
t r i - p h e n y l  p h osp h ate  i n  th e  c e l l u l o i d  p l a s t i c s  i n d u s t r i e s .
The lo w er  n i t r a t e s  o f  c e l l u l o s e  are known as  p y r o x y l in ,  and  
are  l e s s  e x p lo s iv e  than  th e h ig h e r  n i t r a t e s .  The n i t r a t e  
e s t e r s  c o n ta in in g  1 1 .2  -  1 1 .7  p er  c e n t  n it r o g e n  a r e  s o lu b le  
in  b o th  e t h y l  and m eth y l a l c o h o l s ,  e t h y l  a c e t a t e ,  a c e to n e ,  and  
numerous o th e r  s o l v e n t s .  They are u sed  fo r  p h o to g r a p h ic  
f i l m s ,  b u t  th e  c e l l u l o s e  a c e t a t e  i s  r e p la c in g  th e  n i t r a t e s  
b e c a u se  i t  i s  l e s s  b r i t t l e ,  c h e a p e r , and l e s s  in fla m m a b le .
I t  i s  a l s o  u se d  in  n i t r o - c o t t o n  la c q u e r s  and a r t i f i c i a l  s i l k .  
The e s t e r s  c o n ta in in g  1 1 .8  -  1 2 .3  p er c e n t  n it r o g e n  are s o lu b le  
in  e t h y l ,  b u t y l ,  and amyl a c e t a t e s ,  m eth y l a lc o h o l ,  and 
a c e to n e .  They are  s o lu b le  in  e t h e r - a lc o h o l  b u t a re  p r a c t i c a l l y  
in s o lu b le  i n  e t h y l  a lc o h o l .  These a re  u sed  in  our g e la t in o u s  
e x p lo s iv e s ,  c e l l u l o s e  la c q u e r s ,  and in  th e a r t i f i c i a l  le a th e r  
in d u s tr y .  F i n a l l y ,  th e  e s t e r s  c o n ta in in g  1 2 .4  -  1 3 .0  per c e n t  
n it r o g e n  a r e  f o r  th e  m ost p a r t  in s o lu b le  in  a l l  u s u a l  s o lv e n t s  
w ith  th e  e x c e p t io n  o f  a c e to n e *  Due t o  th e h ig h  n itr o g e n  
c o n te n t  th e y  a r e  u sed  f o r  e x p lo s iv e s .
A good sam ple o f  c e l l u l o s e  n i t r a t e  was p rep ared  in  
th e  la b o r a to r y  from  f i l t e r  paper in  th e  f o l lo w in g  manner 
I t  i s  e s s e n t i a l  t h a t  th e  w ater c o n te n t  o f  th e  paper sh ou ld  n o t  
ex ceed  one p er  c e n t .  A n i t r a t i n g  m ix tu re  i s  p rep a red  co n ­
t a in in g  7 1 .0 3  per c e n t  s u l f u r i c  a c id ,  2 8 .1 1  p er  c e n t  n i t r i c
1 . K. H e ss , "Chemie der Z e l lu lo s e " ,  L e ip s lg ,  1 9 2 8 , p . 391
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a c id  and , 8 6  p er  c e n t  w a te r . One hundred grams o f  t h i s  a c id  
s o lu t io n  sh o u ld  h e  u se d  f o r  ea ch  gram o f  f i l t e r  p a p e r . Im­
m erse th e  paper in  th e a c i d ,  and a l lo w  i t  to  s ta n d  f o r  t h r e e -  
q u a r te r s  o f an hour a t  2 5 °  G. A t th e  end o f t h i s  t im e ,  remove 
th e  paper and sq u e e z e  o u t th e  e x c e s s  a c i d .  Then w ith  th orou gh  
c o o l in g ,  b r in g  th e  f ib r o u s  m ass g r a d u a lly  i n t o  g l a c i a l  a c e t i c  
a c id .  A fte r  th e  rem ova l o f  th e  a c i d ,  remove th e  p r o d u c t to  
a 1 ; 1 s o lu t io n  o f  a c e t i c  a c i d ,  and s t i r  r a p id ly .  B o i l  w ith  
a c e t i c  a c id  o f  th e  same c o n c e n tr a t io n  f o r  one h o u r , and wash  
w ith  w ater  u n t i l  i t  i s  n e u t r a l .  Dry th e  p ro d u ct in  an oven  
a t  60 -  700 c , in  ord er n o t  to  char or decom pose, and then  
in  a vacuum ov er  phosphorus p e n to x id e .  This sam ple sh ou ld  
have a n it r o g e n  c o n te n t  o f  a p p ro x im a te ly  1 3 .6  -  1 3 .9  p er  c e n t .
A common p roced u re  f o r  th e  p r e p a r a t io n  o f  gun c o t to n  
from  o r d in a r y  a b so rb en t c o t t o n  i s  a s  f o l lo w s  : P la c e  th e  c o t to n  
on a n i t r a t i n g  a c id  b a th  f o r  about two h o u r s . Cold w ater  i s  
a llo w e d  th en  to  f lo w  in t o  th e  top  o f  the b a th  w h ile  the a c id  
i s  w ithdraw n a t  the same r a t e  from  th e b o tto m . F i n a l l y ,  when 
a l l  o f  the a c id  h a s b een  rem oved and r e p la c e d  b y  w a te r , r e ­
move th e n i t r a t e d  c o t t o n ,  c e n t r i f u g e ,  and b o i l .  I t  i s  th en  
d r a in e d  o f  a l l  b u t 25 per c e n t  o f  th e w a te r . For u s e  in  mine 
c a r t r id g e s  and to r p e d o e s , th e  m o is t  gun c o t to n  i s  com p ressed . 
T his ten d s  t o  make i t  s a f e r  y e t  more p o w e r fu l in  i t s  a c tu a l  
e x p lo s iv e  f o r c e .  I t  i s  an e x c e p t io n a l ly  s tr o n g  and s h a t t e r ­
in g  n o n -p r o p e ll in g  e x p lo s iv e ,  and when m o is t  or com p ressed , 
i s  e a s i l y  s e t  o f f  by a d e to n a to r  o f dry gun c o t to n  w hich in
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tu rn  I s  i g n i t e d  by a fu lm in a t in g  c a p . VJhen gun c o t to n  i s  
burned  u n c o n f in e d , i t  d o es  so  r a p id ly  w ith o u t  e x p lo s io n ,  
a s f o l lo w s :
2C 5H 702(0N 02)3~r 5C0+ 7G0g -HSHgO-f-éHg H-SNg 
One k ilo g r a m  o f  gun c o t t o n  y i e l b  a p p r o x im a te ly  740  
l i t e r s  o f  g a s  when i t  i s  b u rn ed . T his same gun c o t t o n ,  even  
though  i t  i s  in s o lu b le  in  n i t r o g l y c e r i n ,  can be m ixed  w ith  
i t ,  and t r e a t e d  w ith  a c e to n e  and v a s e l i n e  to  for*m a g e la t in o u s  
p a s te  w hich  i s  known as c o r d i t e .  W hile t h i s  i s  a sm o k e le ss  
pow der, m ost o f  th e  sm o k e le ss  pow ders a r e  made from  th e  low er  
n i t r a t e s  and n o t  from  gun c o t t o n ,  A lfr e d  N o b e l, th e  Sw edish  
c h e m is t ,  d i s s o l v i n g  some gun c o t to n  in  an a lc o h o l - e t h e r  
m ix tu re  to  c o v e r  h i s  c u t  f i n g e r ,  d is c o v e r e d  th a t  t h i s  s t i c k y  
m ass m igh t b e u se d  f o r  an a b so rb en t and s o l i d i f i e r  f o r  n i t r o ­
g ly c e r in ,  He found  t h a t  t h i s  s u p e r io r  and s a fe  b la s t in g  g e l a ­
t i n ,  w hich  i s  v ery  s im i la r  to  c o r d i t e ,  was i n s e n s i t i v e  to  
sh ock  and c o u ld  be s a f e l y  tr a n sp o r te d  or f i r e d  from  a cannon. 
N i t r o c e l lu lo s e  i s  u se d  f o r  e x p lo s iv e s  in  the n a tu r a l f ib r o u s  
c o n d it io n  and in  the g e l a t i n i z e d  form  produced  by th e  
p l a s t i c i s e r s .  The v a lu e  o f the g e l a t i n i z a t i o n  l i e s  i n  the  
f a c t  th a t  i t  s lo w s  down th e e x p lo s iv e  a c t io n  o f  th e  com­
pound, and a llo w s  th e  g e l a t i n i z e d  p rod u ct to  burn p r o ­
g r e s s i v e l y ,  The f ib r o u s  raw gun c o t t o n ,  on the o th e r  hand, 
d e to n a te s  w ith  enormous v e l o c i t y ,  and p o s s e s s e s  g r e a t  
s h a t t e r in g  and d e s t r u c t iv e  pow er. I t  h as been  found  th a t  
th e  p r o g r e s s iv e  b u rn in g  g e la t in o u s  gun c o t to n  i s  much
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s u p e r io r  to  th e  f ib r o u s  v a r i e t y  a s  a p r o p e l la n t  in  gunnery  
fo r  d r iv in g  a p r o j e c t i l e  from  th e  g u n .
I t  i s  i n t e r e s t i n g  to  n o te  the in f lu e n c e  o f  th e  w a ter  
c o n te n t  o f  th e  n i t r a t i n g  m ix tu r e  upon th e  d e g r e e  o f  e s t é r i ­
f i c a t i o n  o f  c e l l u l o s e  n i t r a t e s ,  and th e  s o l u b i l i t y  o f  ea ch  
o f  th e  p r o d u c ts  in  an e t h e r - a l c o h o l  m ix tu r e .^  From t h i s  
t a b le ,  i f  we u s e  a s e t  p ro ced u re  in  ea ch  c a s e ,  we can a lw ays  
p rep are  w ith  e a se  an e s t e r  w ith  th e  d e s ir e d  n it r o g e n  c o n te n t .




PER CENTS2 8 O4,  . _ HNO% .........  .
4 6 .3 1 4 9 .0 7 5 .6 2 1 3 .6 5 1 .5
4 2 .6 1 4 6 .0 1 1 1 .3 8 1 3 .2 1 5 .4
4 1 .0 3 4 4 .4 5 1 4 .5 2 1 2 .7 6 2 2 .
4 0 .6 6 4 3 .8 5 1 5 .4 9 1 2 .5 8 6 0 .
4 0 .1 4 4 3 .2 5 1 6 .6 1 1 2 .3 1 9 9 .1 4
3 9 .4 5 4 2 .7 3 1 7 .8 2 1 2 .0 5 9 9 .8 4
38 .9 5 4 2 .1 5 1 8 .9 0 1 1 .5 9 1 0 0 .
3 8 .4 3 4 1 .3 1 2 0 .2 6 1 0 .9 3 9 9 .8 2
3 7 .2 0 4 0 .3 0 2 2 .5 0 9 .7 6 7 4 .2 2
56 .72 3 9 .7 8 2 3 .5 0 9 .3 1 1 .1 5
3 5 .8 7 3 8 .8 3 2 5 .3 0 8 .4 0 .6 1
3 4 .4 1 3 7 .1 7 2 8 .4 2 6 .5 0 1 .7 3
The s o l u b i l i t y  o f  c e l l u l o s e  n i t r a t e s  v a r ie s  con ­
s id e r a b ly ,  They are p r a c t i c a l l y  a l l  s o lu b le  in  cuprammonium 
s o l u t i o n .  A ceton e  e t h y l  a c e t a t e  and a m y la c é ta te  a re  th e  b e s t  
g e n e r a l s o l v e n t s .  O nly e s t e r s  w ith  ex tre m e ly  low n itr o g e n  
c o n te n t  (3 -  7 p er  c e n t )  are in s o lu b le  in  a c e to n e . I t  has b een  
fou n d  th a t  i f  th e  a c e to n e  i s  m o isten ed  j u s t  a l i t t l e  w ith  
w a te r , i t  in c r e a s e s  i t s  s o lv e n t  pow er.
1 .  G, Lunge and J . B eb ie ', Z, angew , Chem., 1 9 0 1 , 1 4 , 486
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The s o l u b i l i t y  o f  c e l l u l o s e  n i t r a t e s  would run  a s
f o l lo w s
!îITROGÏ)N SOLlIBiLITÿ IN '
PER CENT ACETONE,ETHYL ACETATE 
AMYL ACETATE PER CENT




1 3 .1  -  
1 3 .4 95 -  1 0 0 I n s o lu b le I n s o lu b le
1 2 .7 5  -  
1 3 .1 95 -  1 0 0 30 I n s o lu b le
1 2 .5  -  
1 2 .7 5 96 -  1 0 0 50 -  1 0 0 1 0
1 2 . 0  -
1 2 .5 95 -  1 0 0 95 -  100 50
1 1  -  1 2 95 -  1 0 0 90 -  100 50 -  100
1 0  -  1 1 95 -  1 0 0 80 -  1 0 0 50




I n s o lu b le
30
I n s o lu b le
I n s o lu b le
I n s o lu b le
—






I t  i s  to  C ross and Bevan^ t h a t  we owe th e  d i s ­
c o v e r y  o f  c e l l u l o s e  x a n th a te ,  in  1891» They fou n d  th a t  i f  th e y  
im p regn ated  c e l l u l o s e  w ith  sodium  h y d ro x id e  o f  m e r c e r is in g  
s t r e n g t h ,  and a llo w e d  i t  to  r e a c t  w ith  carbon  d i s u l f i d e ,  th e y  
o b ta in e d  a sodium  c e l l u l o s e  x a n th a te  w h ich , a c c o r d in g  to  th e  
d is c o v e r e r s ,  was form ed in  th e  f o l lo w in g  manner:
{OqB.i q O^) ĵ  nNaOH = ( CgHgO^. ONa)n^nEgO
^ SNa
CsHgO^Om .  C8 g = ^ 0 W 4
A v e r y  d i l u t e  a lk a l in e  s o lu t io n  o f  t h i s  p rod u ct i s  
known as v i s c o s e ,  and i t  c o n ta in s  u n i t s  o f  th e  ty p e
98 "L, l o o s e l y  com bined w ith  NaOH.
OCgHgO^
Today i t  i s  b e l i e v e d  th a t  a l k a l i  c e l l u l o s e  has the  
form u la  (CGHio05)2 • NaOH» T. L iesn er^  in  h is  work on th e  
v i s c o s e  r e a c t io n  p rep ared  a pure sodium  c e l l u l o s e  d i - t h e o -
ca rb o n a te  w ith  th e form u la  ^OGGHgO^'CgEpoOsGS N
SNa
w hich would seem to  s u g g e s t  even  more co m p lica ted  s tr u c tu r e s  
in  v i s c o s e .  L ie sn e r  a ls o  found  e v id e n c e  th a t  i t  i s  the  
h y d ro x y l group in  th e  u n i t  c e l l u l o s e  form u la  (CgH^oO5 ) in  th e  
number two p o s i t i o n  th a t  i s  im p ortan t in  th e  fo rm a tio n  o f  
th e x a n th a te .
m  d . P . C r o ss , Ë. " jT 3 e  van C. B e a d le , Eng ." T u b ., 8700 (ÏÔ92)
2 .  T. L ie s n e r ,  " C ellu lo sech em " , 1 929 , 1 0 , 156
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Sodium c e l l u l o s e  x a n th a te  I s  decom posed b y  th e  ra 
m in e r a l a c id s  in  g e n e r a l  to  g iv e  c e l l u l o s e  and carbon  d i ­
s u l f i d e ,  a s  f o l l o w s :
4- H pSO . — 7  X O H -t N aH SO ^-f C S C ^ ^
^ SN a SH
X r e p r e s e n t s  th e  c e l l u l o s e  r e s id u e .
The d i - t h io c a r b o n ic  a c id  b rea k s down fu r th e r
'̂ OH
0 8 ;  — =- KpO -h GSp
SH
Sodium c e l l u l o s e  x a n th a te  r e a c t s  w ith  io d in e  
to  b r in g  ab ou t a c o n d e n sa tio n  a s  f o l l o w s ;
/OX OX:XO  ̂ ^7 1 ,̂ ,
2CS^ 4- Ip  - 7  2NaI 4- OS 80
SNa S -  S.
T his r e a c t io n  i s  im p o rta n t in  th e  d e te r m in a t io n  o f  
c e l l u l o s e  x a n th a te  p r e s e n t  in  v i s c o s e .
P ro b a b ly  th e  m ost Im portant b y -p ro d u ce  form ed during  
th e v i s c o s e  r e a c t io n  i s  sodium  th io c a r b o n a te , w hich g iv e s  th e  
s o lu t io n  i t s  c h a r a c t e r i s t i c  y e l lo w  c o l o r .  In  an a lk a l in e  
s o lu t io n  th e  th io c a r b o n a te  i s  a t ta c k e d  by th e  w a te r , th u s:
N agC Sg *f- 3HgO — 7  Nag G Og -t- HgS
The hydrogen  s u l f i d e  form ed b y  t h i s  r e a c t io n  
a c c o u n ts  fo r  th e  odor o f  a v i s c o s e  s o lu t io n  w hich has s to o d  
f o r  some t im e . In  th e  r ip e n in g  p r o c e s s  o f  th e  v i s c o s e ,  
sodium  h y d ro x id e  and carbon  d i s u l f i d e  a re  a l s o  form ed , a c c o r d ­










A fte r  h a v in g  e s t a b l i s h e d  th e  form u la  SC
\
SNa
f o r  th e  v i s c o s e  in  w hich  th e  X l i e s  b etw een  Cg and we
can lo o k  a t  th e  ch an ges ta k in g  p la c e  in  a v i s c o s e  s o lu t io n *  
When th e  s o lu t io n  h a s  s to o d  l e s s  th a n  a d a y , th e  X i s  
n e a r e r  Cg as  a u n i t  fo r m u la , and th e  compound ca n n o t be p r e ­
c i p i t a t e d  by d eh y d ra tin g  a g e n t s .  A fte r  h a v in g  s to o d  a d a y , 
h ow ever , th e  v i s c o s e  approaches a u n i t  G;ĵ g fo rm u la . A t t h i s  
p o in t  th e  su b s ta n c e  may be p r e c ip i t a t e d  b y  su ch  r e a g e n ts  a s  
a lc o h o l  and b r in e .  A f te r  s ta n d in g  a p e r io d  o f  s i x  days in  
an a lk a l in e  s o l u t i o n ,  th e  v is c o s e  r e a c h e s  Cg4  d im en sio n s  
and th e  compound can b e c o m p le te ly  p r e c ip i t a t e d  by  a c e t i c  
a c id  in t o  a w a ter  in s o lu b le  su b s ta n c e . E v e n tu a lly ,  on s ta n d ­
in g ,  X ap p rox im ates to  c e l l u l o s e  i t s e l f ,  and c o a g u la t io n  
ta k e s  p la c e  s p o n ta n e o u s ly . A p o s s ib le  e x p la n a t io n  i s  th a t  th e  
u n r ip e  v i s c o s e  c o n ta in s  x a n th a te  compounds # i i c h  are g r a d u a lly  
decom posed in t o  c e l l u l o s e .  As r ip e n in g  p r o c e e d s , the amount 
o f  c e l l u l o s e  in c r e a s e s  in  p r o p o r tio n  to  th e  su sp en d in g  medium 
w hich  b r in g s  ab ou t sp on tan eou s c o a g u la t io n .  The c e l l u l o s e  
form ed comes o u t as a s t i f f  coagulum  which sh r in k s  and ta k es  
th e  shape o f  th e  c o n ta in in g  v e s s e l .  The au th or  found th a t  b y  
p rep a r in g  a v i s c o s e  s o lu t io n  and a llo w in g  i t  to s ta n d  in  th e
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p r e s e n c e  o f  a i r  f o r  a p e r io d  o f  s e v e r a l  w eek s , a p l a s t i c  was 
form ed w hich  had u n d o u b ted ly  a la r g e  p e r c e n ta g e  o f  c e l l u l o s e .  
As th e  su b s ta n c e  shrank  and th e  su rro u n d in g  l i q u i d  was r e ­
m oved, t h e  p ro d u ct b egan  to  h a rd en  s l i g h t l y  and become 
th o ro u g h ly  e l a s t i c .  I t  was e x tr e m e ly  s o lu b le  in  w ater  and 
had a c h a r a c t e r i s t i c  y e l lo w -g r e e n  c o l o r ,  w hich  was due to  
th e  s u l f u r  p r e s e n t .
B e s id e s  th e  sp o n ta n eo u s  c o a g u la t io n  j u s t  d e s c r ib e d ,  
th e r e  a r e  th r e e  m ethods o f  b r in g in g  ab ou t co a g u la tio n ^
(1 )  The a d d it io n  o f  c e r t a in  s a l t  s o lu t io n s ;  (2 ) b y  th e  
ch an g in g  o f  the sodium  c e l l u l o s e  x a n th a te  in t o  a much l e s s  
s o lu b le  compound b y  th e  z in c  or ammonium s a l t ;  (3 ) b y  the  
d ir e c t  d e c o m p o s it io n  o f  th e  x a n th a te  in t o  c e l l u l o s e  by th e  
a c t io n  o f  a m in e r a l a c i d ,  g e n e r a l ly  s u l f u r i c .  The l a s t  
method i s  th e  one em ployed g e n e r a l ly  goday fo r  th e  sp in n in g  
o f  th e  v i s c o s e  in  our la r g e  I n d u s t r ia l  p la n t s .
A f te r  w ork in g  on th e  p r e p a r a t io n  o f  a v i s c o s e  
s o lu t io n  and i t s  su b seq u en t c o a g u la t io n  to  form  c e l lo p h a n e ,  
th e  a u th or  found  th e  f o l lo w in g  m ethod s u i t a b le  f o r  th e  
la b o r a to r y ;  Shred fo u r  grams o f  s u r g ic a l  c o t to n  (95 per c e n t  
c e l l u l o s e )  In to  f i n e  b i t s ,  and warm c a r e f u l ly  in  62 c . c .  o f  
1 7 .5 ^  sodium  h y d ro x id e  s o lu t io n  f o r  a p p ro x im a te ly  15 m in u te s .  
Remove th e c o t to n  from  th e  a l k a l i  and p r e s s  b etw een  two 
g la s s  p l a t e s  to rem ove e x c e s s  l i q u i d ,  u n t i l  i t  w eigh s 17 gram s. 
P la c e  th e  c o t to n  in  a t e s t  tu b e  and add 10 c . c .  o f  carbon  
d i s u l f i d e ,  and a l lo w  t o  s ta n d  s e v e r a l  d a y s . The carbon d i -
1 .  b o rëe  ,  "Methods o f  ""Cel'lul'os e Ùhemis trÿ ', 19 3 3 , 242
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s u l f i d e  m ust be in  c o n ta c t  w ith  a l l  o f  t h e  c o t t o n ,  and 
t h i s  can b e  b rou gh t ab ou t b y  sh a k in g  th e  sh red d ed  c o t to n  
in  th e  carb on  d i s u l f i d e  f o r  an  hour and o n e - h a l f .  S top p er  
th e  c o n ta in e r  so  a s  to  keep o u t  as much a i r  a s  p o s s i b l e .
B r in g  th e  su b s ta n c e  form ed in t o  s o lu t io n  by ad d in g  14 c . c .  
o f  5 p er  c e n t  sodium  h y d ro x id e  and 4 c . c .  o f  10 p er  c e n t  
sodium  s u l f i t e  s o l u t i o n .  Add more sodium  h y d r o x id e , i f  
n e c e s s a r y ,  u n t i l  a c l e a r  s o lu t io n  i s  o b ta in e d . The p ro d u ct  
i s  known a s  v i s c o s e  s o l u t i o n .  S top per th e  v i s c o s e  s o lu t io n  • 
and a llo w  i t  to  r ip e n  f o r  48 h o u r s . In  r ip e n in g ,  th e  s o lu t io n  
ten d s  t o  become more hom ogeneous in  n a tu r e .  I f  th e  s o lu t io n  
appears to  be lumpy or i f  i t  c o n ta in s  any a ir  b u b b le s ,  f i l t e r  
i t  through  a spun g l a s s  f i l t e r .  Take a l i t t l e  o f  th e  r ip e n e d  
v i s c o s e ,  and pour a sm a ll p o r t io n  o f  i t  on a sm ooth g la s s  
p l a t e .  Spread  i t  b y  means o f  a  s p a tu la  in t o  a t h in  even  la y e r ,  
Now immerse t h i s  g l a s s  p la t e  in  a s o lu t io n  o f  40 p er c e n t  
ammonium s u l f a t e  f o r  ten  m in u te s . Remove th e  t h in  y e l lo w -  
w h ite  tr a n sp a r e n t  f i l m  from  th e  p la t e  and immerse i t  in  a 
sodium  c h lo r id e  s o lu t io n  f o r  te n  m in u te s .  N ext p la c e  i t  in  a 
1 0  per c e n t  s u l f u r ic  a c id  s o lu t io n  u n t i l  a l l  th e  w h ite  sp o ts  
d is a p p e a r . Dry o v er  a b e a k e r , and a t h in  tr a n sp a r e n t f i lm  
w ith o u t w h ite  s p o ts  or h o le s  sh o u ld  be th e  p r o d u c t .
The com m ercial p r e p a r a t io n  o f  v i s c o s e  i s  somewhat 
d i f f e r e n t  from  th e  above p r o c e s s  in  th e  la b o r a to r y .  A s u l ­
f i t e  p u lp  i s  u sed  a s  th e  s t a r t i n g  s u b s ta n c e . One hundred  
k llogram a o f  t h i s  p u lp  a re  s te e p e d  in  1600 l i t e r s  o f  17 -  18
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p er  c e n t  sodium  h y d ro x id e  a t  o r d in a r y  tem p era tu re  f o r  tv/o 
to  fo u r  hours#  N e x t , th e  sod a  c e l l u l o s e  i s  p r e s s e d  by means 
o f  h y d r a u lic  p r e s s u r e  to  3 to  3 .5  tim e s  i t s  o r i g i n a l  w e ig h t ,  
e .  g . , 300 -  350 k ilo g r a m s;  and th en  i t  i s  kneaded in  a w a ter  
and cork  ja c k e te d  m achine w hich  c o n v e r ts  th e  soda p u lp  in t o  
a cru m b -lik e  m a ss. T h is ta k e s  a b o u t two to  th r e e  h ou rs a t  
18° G. The crumbs c o n ta in  ab ou t 15 p er c e n t  sodium  h y ­
d ro x id e  and 26 p er  c e n t  a lp h a  c e l l u l o s e .  They a r e  p la c e d  
in  co v er ed  b in s  f o r  a p e r io d  o f  two or th r e e  d ays a t  2 0 -2 5 °
G, u n t i l  t h e y  have "m atured". Three hundred and t w e n t y - f iv e  
k ilo g ra m s o f  t h i s  a l k a l i  c e l l u l o s e  a re  p la c e d  in  a s u l f i d e  
drum w hich h a s tem p eratu re r e g u la t io n .  T h ir ty  k ilo g r a m s o f  
carbon  d i s u l f i d e  a re  a llo w e d  to  run  in t o  th e  drum s lo w ly .
The drum i s  r o t a t e d  fo r  a p e r io d  o f  two to  fo u r  h ou rs a t  a 
tem p eratu re  b e lo w  30° G. The ch u rn in g  m ust b e  stopp ed  b e fo r e  
th e  x a n th a te  commences to  cake to g e th e r  in  la r g e  m a sse s .
The x a n th a te  i s  m ixed w ith  s u f f i c i e n t  a l k a l i  and w ater  to  
p roduce a v i s c o s e  c o n ta in in g  from  7 to  8  p er  c e n t c e l l u l o s e  
and 6  t o  7 per c e n t  sodium  h y d r o x id e . From th r e e  to  s i x  hours  
a re  r e q u ir e d  f o r  th e  r e a c t io n  to  be co m p le te d . The v i s c o s e  
i s  k ep t in  a room a t  15 -  20° G. u n t i l  i t  i s  read y  f o r  u s e .
In  making c e l lo p h a n e ,  th e v i s c o s e  i s  f o r c e d  from  a narrow  
s l i t t e d  o p en in g  in t o  an a c id  b a th ,  where i t  im m iediately  
c o a g u la t e s .  I t  i s  run th rou gh  a number o f  th e se  b a t h s ,  and 
th en  through  a w ater b a th . N e x t , i t  p a s s e s  th rou gh  a s u l -
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f i t e  b a th  to  rem ove th e  s u l f u r ,  and th e n  tlirou gh  g ly c e r in  
to  s o f t e n  i t .  I t  i s  f i n a l l y  d r ie d  and w a terp ro o fed  b y  a 






I t  h a s  lo n g  b een  known th a t  th e  trea tm en t o f  
c e l l u l o s e  f i b e r s  w ith  w ater  and aqueous s o lu t io n s  o f  
c e r t a in  a c i d s ,  b a s e s  and s a l t s  c a u se s  s w e l l i n g .  In  1844  
John M ercer, a L a n c a s te r s h ir e  c a l i c o  p r i n t e r ,  d is c o v e r e d  
th a t  by p a s s in g  c o t t o n  c lo t h  or yarn  th rou gh  a 30 p er  c e n t  
s o lu t io n  o f  sodium  h y d ro x id e  a t  a b o u t 2 5 °  C . ,  th e  f ib e r  was 
sh o r te n e d  and s tr e n g th e n e d . For over f o r t y  y e a r s  v e r y  l i t t l e  
a t t e n t io n  was p a id  to  t h i s  d is c o v e r y ,  u n t i l  i t  was found  t h a t  
i f  th e  m a te r ia l  was s t r e t c h e d  so th a t  i t  c o u ld  n o t  sh r in k  on 
d r y in g ,  th e  t w is t e d  c o t to n  f i b e r s  were changed in t o  smooth  
w a lle d  c y l in d e r s  v e r y  much l i k e  s i l k .  Today the p r o c e s s  
i s  i s e d  to  make one w e l l  knov/n " m ercerised"  c o t t o n .  This  
^'m ercerising"  a c t io n  o f  s o lu t io n s  o f c a u s t i c  a l k a l i s  on 
c o t to n  h as b een  th e  s u b je c t  o f  c o n s id e r a b le  i n v e s t i g a t i o n .
The e f f e c t  o f  s o lu t io n s  o f  sodium  h y d ro x id e  o f  27 to  32 per  
c e n t  c o n c e n tr a t io n  i s  to  b r in g  ab ou t th e  u n tw is t in g  of th e  f i b e r .  
The c o ld  a l k a l i  c o n v e r ts  th e  c e l l u l o s e  in t o  a sodium  c e l l u ­
lo s e  compound, and t h i s  on w ash ing w ith  w ater i s  co n v er te d  
in t o  a h y d r o c e l lu lo s e .  The g e n e r a l f ib r o u s  form  rem ains  
u n ch anged , b u t th e  f i b e r s  which w ere o r i g i n a l l y  f l a t  become 
c y l i n d r i c a l ,  th ic k e n ,  and a t  th e  same tim e show an e i g h t  to  
te n  p er  c e n t  I n c r e a s e  in  w e ig h t .  On d r y in g , th e  f i b e r  
s h r in k s  to  a p p r o x im a te ly  75 to  80 p er  c e n t  o f  i t s  o r i g in a l  
l e n g t h ,  and i t  I n c r e a s e s  a s  much a s  68 per c e n t  in  s t r e n g t h .
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The e x t e n t  to  w hich th e m e r c e r is in g  h a s  p ro ceed ed  i s  m easu r­
a b le  in  th r e e  d i f f e r e n t  w ays: by  th e  c o n t r a c t io n  p rod u ced ;  
by th e  amount o f  sodium  h y d ro x id e  tak en  up b y  th e  c o t to n ;  
and by th e  in c r e a s e d  a f f i n i t y  o f  th e  c o t t o n  f o r  a lk a l i n e  
h y d r o x id e s  and f o r  d y e s t u f f s . The d e g r e e  o f  m e r c é r is a t io n  
v a r ie s  w ith  th e  tem p era tu re  and c o n c e n tr a t io n  o f  th e  a l k a l i n e  
s o lu t io n  and th e  tim e of im m ersion#
The a b s o r p t io n  o f  a l k a l i  h y d r o x id e s  and w ater  
d u r in g  m e r c é r is a t io n  h as le d  to numerous r e se a r c h e s#  G lad­
sto n e^  in  1855  t r e a t e d  c o t to n  w ith  sodium  h y d ro x id e  s o l u t i o n ,  
washed o u t  th e  e x c e s s  s o lu t io n  w ith  a b s o lu te  a l c o h o l ,  and. 
th en  e s t im a te d  th e  amount o f  sod ium  h y d ro x id e  rem a in in g  in  
th e c o t t o n  a f t e r  d r y in g . The c h i e f  tr o u b le  w ith  h i s  m ethod, 
h ow ever , i s  t h a t  he assum es t h a t  th e  a lc o h o l  a c t s  a s  an i n ­
d i f f e r e n t  s o l v e n t ,  rem oving o n ly  th e  uncom bined a l k a l i ,  and 
t h is  i s  n o t  t r u e .  V iew eg# a v o id e d  t h i s  d i f f i c u l t y  s im p ly  b y  
e s t im a t in g  th e  amount o f  c a u s t i c  a l k a l i  in  th e  s o lu t io n  b e ­
f o r e  and a f t e r  th e  m e r c e r is in g  trea tm en t#  He assum ed in  t h i s  
method th a t  no w ater  was rem oved from  th e  s o lu t io n  by the  
c o t t o n .  He found t h a t  th e  a b s o r p t io n  o f  sodium  h y d ro x id e  
was f a i r l y  c o n s ta n t  and th a t  th e  amount ab sorb ed  in d ic a te d  
th e  fo r m a tio n  o f  a compound w ith  th e  form u la
(G eH ioO sjg  ; îîaOH 
More r e c e n t  work b y  V iew eg co n firm s th e  fo r m a tio n  o f  t h i s  
compound w hich  e x i s t s  in  s o lu t io n s  c o n ta in in g  16 -  24 p er c e n t
1 .  J . G la d s to n e , Chem. S o c . T r a n s .,  1 8 5 3 , 5",' Ï 7
2 .  W. V iew eg , Z. angew . Chem., 1 9 2 4 , 3 7 , 1008
44
o f  th e  h y d r o x id e . The o th e r  a l k a l i  h y d r o x id e s  a ls o  r e a c t  
w ith  c e l l u l o s e  in  a s im i la r  manner to  g iv e  • MOH
N eale^  h a s e x p la in e d  the m e r c é r is a t io n  e f f e c t s  upon 
c o t to n  in  th e  f o l lo w in g  m anner. In  th e  c o t to n  h a ir  th e  m i­
c e l l e s  a re  a rra n g ed  r o u g h ly  p a r a l l e l  to  th e  a x i s .  Mien w ater  
i s  tak en  up b y  th e  c o t t o n ,  th e  h y d ro x y l groups o f  the lo n g  
carbon c h a in s  a t t r a c t  w ater  m o le c u le s ,  b r e a k in g  up some 
o f  th e  seco n d a ry  v a le n c e  f o r c e s ,  and a t  th e  same tim e  b e in g  
r e p la c e d  b y  w ater h y d r o x y l l in k a g e s ,  c a u s in g  th e  s t r u c tu r e  
to  expand t r a n s v e r s e ly .  V/ith a l k a l i  th e  sodium  io n s  tend  
to  r e p la c e  some o f  th e  h y d ro x y l hydrogen a to m s, and a sy stem  
o f  h ig h  io n ic  c o n c e n tr a t io n  i s  s e t  u p . Water e n te r s  the  
system  b y  th e  p r o c e s s  o f  o s m o s is ,  and more o f th e  seco n d a ry  
l in k a g e s  a r e  b rok en  and r e p la c e d  by l in k a g e s  w ith  a l k a l i  
or w a te r . Vdien w a ter  i s  u se d  to  wash th e  a l k a l i  c e l l u l o s e ,  
the sodium  and h y d ro x y l io n s  d i f f u s e  away, and th e o sm o tic  
p r e s s u r e  d e c r e a s e s ,  c a u s in g  th e  su b sta n c e  to  c o n t r a c t .
In  c a r r y in g  o u t  an ex p er im en t on th e  m e r c é r is a ­
t io n  o f  c o t t o n ,  th e  a u th o r  found th e  f o l lo w in g  method v e r y  
s a t i s f a c t o r y .  Immerse a yard  or more o f  c o t t o n  yarn  in  a 
s o lu t io n  o f  sodium  h y d ro x id e  c o n ta in in g  th r e e - fo u r th s  as much 
sodium  h y d ro x id e  b y  w e ig h t  a s  th e  yard  u s e d . Keep a t  a 
tem p eratu re o f  2 5 °  C. f o r  th r e e  m in u te s ,  and rem ove. T ie  
a s m a ll w e ig h t  on th e  end o f  th e  yard  to  produce enough  
t e n s io n  so th a t  i t  w i l l  r e t a i n  i t s  o r ig in a l  le n g t h .  V/ash
T% hoc . "cTt . , 1929, 207 '3^6' T
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w h ile  the t e n s io n  i s  b e in g  a p p lie d  and a llo w  to  d ry  under  
t e n s io n .  The yarn  sh o r te n s  s l i g h t l y ,  becom es lu s tr o u s  in  
a p p ea ra n ce , and I n c r e a s e s  in  s t e n g t h .  The a c t io n  o f  sodium  
h y d ro x id e  on c e l l u l o s e  d o es  n o t  endow i t  w ith  new p r o p e r t ie s ,  
b u t r e s u l t s  in  an a c t i v a t i o n  o f  th e  p r o p e r t ie s  w hich i t  a l ­
rea d y  p o s s e s s e s .  A f te r  fu r th e r  e x p e r im e n ta t io n , i t  was 
found  th a t  th e  c e l lu lo s e - s o d iu m  h y d ro x id e  compound d is s o lv e d  
r e a d i ly  in  an am m oniacal copper o x id e  s o lu t io n  (S c h w e itz e r ’ s 
r e a g e n t ) .  I f  t h i s  s o lu t io n  i s  poured  in to  HgSO  ̂ a f t e r  the  
a l k a l i  c e l l u l o s e  h a s  b een  d is s o lv e d  in  i t ,  th e  c e l l u l o s e  
i s  r e p r e c ip i t a t e d  a s  an a lm o st tr a n sp a r e n t  o x id iz e d  h yd ro­
c e l l u l o s e  . In  p r a c t i c e ,  c o t to n  w aste  a f t e r  p u r i f i c a t io n  i s  
t r e a t e d  w ith  sodium  h y d r o x id e , copper s u l f a t e ,  and ammonium 
h y d r o x id e , and i s  a llo w e d  to  d i s s o lv e  to  a s t r in g y  m ass.
Then i t  i s  f i l t e r e d  under p r e s s u r e ,  and th e c e l l u l o s e  
s o lu t io n  i s  fo r c e d  th rou gh  a f i n e  s e t  o f  c a p i l l a r y  tu b es  
in t o  a c o a g u la t in g  s o l u t i o n .  The c o a g u la t in g  s o lu t io n  may 
e i t h e r  b e d i l u t e  s u l f u r i c  a c id  or a 5 p er  c e n t  s o lu t io n  o f  
sodium  h y d ro x id e  fo l lo w e d  by a d i l u t e  s u l f u r i c  a c id  b a th  to  
remove th e  copper h y d r o x id e . Tlie r e s u l t i n g  c o a g u la te d  
c e l l u l o s e  i s  in  f i n e  f i l a m e n t s ,  w hich are spun in t o  th read  
and a re  th en  woven in t o  o th e r  d e s ir e d  fo rm s.
CHAPTER V II  
HIDROGELLULOSE
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CMPTER V II  
HYDROCELEULOSE
As e a r ly  a s  1875 G irard  r e c o g n is e d  th e f a c t  th a t  
c e l l u l o s e  was v e r y  s e n s i t i v e  to  th e  a c t io n  o f  a c id s .  He 
began  a s e r i e s  o f  in v e s t i g a t i o n s  on th e p r o p e r t ie s  o f  t h i s  
m o d if ie d  ty p e  o f  c e l l u l o s e ,  and in tr o d u c e d  th e  term  "hydro- 
c e l l u l o s e " .  He found  th a t  b y  d ry in g  sm a ll q u a n t i t i e s  o f  
d i l u t e  a c id s  in t o  th e  c e l l u l o s e ,  he c o u ld  produce th e  typ e  
o f  h y d r o c e l lu lo s e  w hich  i s  commonly spoken o f  as G ira rd ’ s 
H y d r o c e l lu lo s e ,  H y d r o c e llu lo s e s  p rep ared  in  t h is  manner 
a re  f o r  th e  m ost p a r t  f r i a b l e  p ow d ers, g e n e r a l ly  w h ite  in  
c o l o r .  They g iv e  a b l u e - v i o l e t  c o lo r  w ith  z in c  c h lo r id e -  
io d in e  r e a g e n t ,  and b y  p o ta ss iu m , i o d id e - i o d in e .  They red u ce  
am m oniacal s i l v e r  n i t r a t e  s o lu t io n s  and P e h l in g ’ s s o lu t io n .  
They do n o t  r e a c t  w ith  S c h i f f ’ s r e a g e n t .  They d i s s o lv e  to  
th e e x t e n t  o f  52 p er  c e n t  on b o i l i n g  f o r  te n  m in u tes w ith  
a 15 p er  c e n t  sodium  h y d ro x id e  s o l u t i o n .  In  a la b o r a to r y  
e x p e r im e n t, h y d r o c e l lu lo s e  was p rep ared  b y  th e  a c t io n  o f  
a 5 per c e n t  o x a l i c  a c id  s o lu t io n  on c e l l u l o s e ,  and t h i s  
h y d r o c e l lu lo s e  was h e a te d  f o r  an hour w ith  a d i l u t e  h yd ro-  
c h lo r ic  a c id  s o l u t i o n ,  and o b ta in e d  an e x tr e m e ly  h eavy  t e s t  
f o r  su g a r . T his would s u g g e s t  t h a t  th e  h y d r o c e l lu lo s e  i s  
more e a s i ly 'h y d r o ly z e d  to  su gar than  o r d in a r y  c e l l u l o s e .  
H y d r o c e llu lo s e  i s  f a r  more r e a c t iv e  toward e s t e r i f y i n g  
a g e n ts  than  c e l l u l o s e ,  and in  I n d u s t r ia l  p r o c e s s e s  th e
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c e l l u l o s e  i s  o f t e n  m o d if ie d  b y  a c id  trea tm en t b e fo r e  
e s t é r i f i c a t i o n »
To p rep a re  a v e r y  f i n e  grade o f  h y d r o c e l lu lo s e  
we have th e  method su g g e s te d  b y  H ess^ . T reat 75 grams o f  
v i s c o s e  s i l k  w ith  carb on  d io x id e  to  rem ove a i r ,  and 
s a tu r a te  w ith  h y d r o c h lo r ic  a c id  g a s ,  m aking sure th a t  a l l  
m o is tu r e  h a s b een  e x c lu d e d . A llo w  th e  m a te r ia l  to  s ta n d  
f o r  15 h ou rs a t  20 o C, Put i t  in t o  i c e  w a te r , and n e u tr a ­
l i z e  w ith  b ic a r b o n a te  to  remove a c id .  T horoughly wash the  
p r o d u c t , and d r y . Take th e y e l lo w  f ib r o u s  mass o b ta in ed  
and im m erse in  400 c . c .  o f  10 per c e n t  sodium h yd rox id e  
s o l u t i o n ,  and c e n t r i f u g e .  Ammonia gas i s  th e n  p a ssed  in t o  
th e  s o lu t io n  u n t i l  s a tu r a t io n  i s  r e a c h e d , A f i n e  w h ite  
p r e c i p i t a t e  i s  e a s i l y  s e p a r a te d  by  th e c e n t r i f u g e  from  
th e  l i q u i d .  Remove the ammonia, and th en  the r e s id u e .  
C a r e fu lly  ws^sh th e  r e s id u e  w ith  a lc o h o l ,  and dry in  a 
vacuum.
There i s  o f te n  d i f f i c u l t y  in  d e term in in g  w hether  
an unknown i s  an o x y - or h y d r o c e l lu lo s e ,  and w hich o f  th e  
two i t  i s .  We have s e v e r a l  q u a l i t a t iv e  t e s t s  w hich d en o te  
t h e ir  p r e s e n c e ;  (1 ) C e l lu lo s e  in  th e  p resen ce  o f  io d in e  
g iv e s  a y e l lo w  c o lo r  w hich i s  changed to  b lu e  by the  
a d d it io n  o f  s u l f u r i c  a c id .  O x y c e l lu lo s e ,  on th e o th er  hand, 
g iv e s  an im m ediate b lu e  c o lo r  w hich i s  d e s tr o y e d  by s u l f u r ic  
a c id ;  (2 )  A p ie c e  o f  c o t to n  and th e  p ie c e  to  be t e s t e d  are
T% K. H e ss , A n n ,, 1 9 2 3 , 4 3 5 , 142
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dyed  In  b en zo p u rp u r in  4B , r in s e d  In  d i l u t e  s u l f u r i c  a c i d ,  
and w ashed in  w ater u n t i l  th e  r ed  c o lo r  o f  th e  norm al 
c o t to n  r e a p p e a r s . Any o f  th e  o x id iz e d  p o r t io n  w i l l  b e  
c o lo r e d  a b l u i s h  b la c k .  (3 ) The p r e se n c e  o f  red  cop p er  
o x id e  a f t e r  b o i l i n g  w ith  P e h l in g ’ s s o lu t io n  shows th e  
p r e se n c e  o f  m o d if ie d  c e l l u l o s e .
To d i f f e r e n t i a t e  b etw een  o x y - and h y d r o c e l lu lo s e  
we have two o u ts ta n d in g  d i s t i n c t i o n s ;  (1 ) On the h y d r o ly s is  
o f  o x y c e l lu lo s e  in  th e  p r e se n c e  o f  h y d r o c h lo r ic  a c id ,  we 
have th e  e v o lu t io n  o f  carbon  d io x id e ,  w hich  i s  n o t  tr u e  o f  
th e  h y d r o c e l lu lo s e s .  (2 )  A s u sp e n s io n  of o x y c e l lu lo s e  in  
w a ter  w i l l  g iv e  an oran ge r e d  c o lo r  in  th e  p r e se n c e  o f  
m eth y l orange w hich  ch an g es to  red  on th e  a d d it io n  o f  sodium  
c h lo r id e  s o l u t i o n .  H y d r o c e llu lo se  does n o t g iv e  t h is  t e s t .
There a r e  numerous a c id  degraded  p ro d u cts  o f  
c e l l u l o s e  w hich  a re  o f  th e  c e l l u l o s e  d e x tr in  ty p e . They 
are c o l l o i d a l  in  n a tu re  and fo r  th e  m ost p a r t  are  r e l a t i v e l y  
u n im p o rta n t. Among th e s e  we h ave;
G uignet  C e l l u l o s e ^ , In a m orta r , knead 5 grams 
o f  a ir - d r y  c o t to n  f o r  15 m in u tes  w ith  85 c . c ,  o f  6 2 ,5  per  
c e n t  s u l f u r i c  a c id ,  and a l lo w  to  s ta n d  f o r  f i v e  hours w ith  
fr e q u e n t  w ork in g . Add 170 c . c .  o f  w a te r , s t i r  th o ro u g h ly  
and f i l t e r  th rou gh  a l in e n  f i l t e r .  Wash the r e s id u e  w ith  
w ater and then  a lc o h o l .
F l e c h s lg ’ s  A m yloid^ . Mix 5 grams o f  c o t to n  w hich
1 .  C. G u ignet ,  C. R .,  1 8 8 9 , 10 8 , 1255
2 .  Z e i t .  P h y s io l ,  Chem., 1 8 8 2 , 7 ,  524
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i s  a ir  d r y ,  w ith  s u l f u r i c  a c id  in  a m o rta r . The a c id  i s  
p rep a red  by th e  m ix in g  o f  30 grams o f  92 per c e n t  s u l f u r i c  
a c id  w ith  10 grams o f  w a te r . Do n o t  l e t  th e  tem p eratu re  
r i s e  above 30° C. T h is  may r e q u ir e  c o n tin u o u s  c o o l in g ,  and 
s e v e r a l  h o u rs may be n e c e s s a r y  to  com p lete  the a d d it io n .  A 
somewhat g r e y  s y r u p - l ik e  l i q u i d  r e s u l t s ,  w h ich , when added to  
w a te r , ch an ges in t o  w h ite  f l e c k s  and a m illcy l i q u i d .  On 
f i l t e r i n g  t h i s ,  a g r e a t  d e a l  o f  th e  p ro d u ct i s  l o s t  in  
c o l l o i d a l  s o lu t io n .  The r e s id u e  on th e f i l t e r  paper i s  
washed by d é c a n ta t io n  u n t i l  i t  i s  f r e e  from  a c id .  A s a l t  
s o lu t io n  m ig h t b e u sed  f o r  th e  wash in  ord er to  a v o id  l o s s  
and to  rem ove th e  s u l f u r i c  a c id  more r e a d i ly .  P l e c h s ig ’ s 
am ylo id  sh o u ld  be d r ie d  b e lo w  90° C . , in  ord er to  a v o id  d e ­
c o m p o s it io n . I t  i s  c o l l o i d a l  in  n a tu re  and form s c o l l o i d a l  
s o lu t io n s  w hich are  r e a d i ly  c o a g u la te d  by s a l t s .
C e l lu lo s e  P archm ent. The n a tu re  o f t h i s  su b sta n ce  
i s  d ep en d en t upon th e  ty p e  o f  c e l l u l o s e  u se d , w hether f i l t e r  
paper or c o t to n  w o o l. Parchm ent paper was made from  f i l t e r  
paper in  th e la b o r a to r y  by d ip p in g  i t  f o r  a p e r io d  o f  tw en ty  
secon d s in t o  a s u l f u r i c  a c id  s o lu t io n  c o n ta in in g  as a maximum 
78 per c e n t  s u l f u r i c  a c i d .  I t  was r a p id ly  rem oved and a llo w e d  
to  d r a in  f o r  te n  more se c o n d s;  th en  i t  was washed th o ro u g h ly  
u n t i l  i t  was c o m p le te ly  f r e e  o f  any t r a c e  o f  a c id .  In ord er  
to  o b ta in  parchm ent c e l l u l o s e  from  c o t to n  w o o l, one gram o f  
th e  w ool was b ro u g h t in t o  c o n ta c t  w ith  9 c . c .  o f  s u l f u r ic  
a c id  o f  s im i la r  s t r e n g t h  o f  th a t  u sed  in  the p r o d u c tio n  o f  
parchm ent p a p e r , f o r  te n  s e c o n d s . I t  was th en  rem oved and
50
m ixed  w ith  200 -  300 c . c .  o f  d i s t i l l e d  w a ter .
In  p r e p a r in g  th e s e  two c e l l u l o s e  p arch m en ts, the  
s o lv e n t  a c t io n  o f  th e  c o n c e n tr a te d  s u lf ir r ic  a c id  i s  n o t  
a llo w e d  to  p r o g r e s s  to  co m p lete  d i s in t e g r a t i o n  o f  th e  c e l l u ­
lo s e  f i b e r s .  The a c id  tra n sfo rm s th e  s u p e r f i c i a l  la y e r  o f  
c e l l u l o s e  in to  a m y lo id . The p ro d u ct o b ta in ed  i s  a h a rd , 
to u g h , d u r a b le , s e m i- tr a n s p a r e n t  su b s ta n c e , v/h ich  i s  u n ­
a f f e c t e d  by g r e a s e ,  and c o lo r s  p o ta ss iu m  io d id e - io d in e  
s o lu t io n  b lu e ,
E kstrom ’ s A cid  C e l lu lo s e ^ ,  F iv e  grams o f  a i r  dry  
c o t to n  w ool w ere g r a d u a lly  immersed in  18 grams o f  78 per c e n t  
s u l f u r i c  a c id  d u r in g  th e  c o u r se  o f  f o r t y - f i v e  m in u te s . I t  
was n e x t  rem oved and d i lu t e d  w ith  29 c . c ,  o f  d i s t i l l e d  w a te r , 
and p r e s s e d  b e tw een  l i n e n .  The m ass was shaken w ith  a r a ttie r  
sm a ll amount o f  w a te r , and a g r e y -w h ite  stickyr mass was form ed. 
Vh.en shaken w ith  a la r g e  amount o f  v /a te r , h ow ever, a p ro d u ct  
v e r y  s im ila r  t o  c e l l u l o s e  parchm ent was o b ta in e d . T his p ro ­
d u c t ,  when ground up in  a m ortar w ith  v /a ter , form s a c o l l o i d a l  
s o l u t i o n .  L ike c e l l u l o s e  parch m en t, th e  a c id  c e l l u l o s e  c o lo r s  
p o ta ss iu m  io d id e - io d in e  r e a g e n t  b lu e  w ith o u t the a d d it io n  o f  
s u l f u r i c  a c id .  I t  m ust b e d r ie d  in  an oven a t  a tem perature  
b elo w  9 5 °  C .,  in  o rd er  t o  a v o id  d e c o m p o s it io n . I t  has no 
c la im  to  a c i d i c  p r o p e r t ie s .
T; G er, P o t / ,  ■20V3'5'4“ rïÜÜ‘6T
CHAPTER V III  
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CHAPTER V I I I  
OXYCELLULOSE
O x y c e llu lo s e s  a r e  p ro d u cts  formed by th e  a c t io n  
o f  o x y d iz in g  a g e n ts  on c e l l u l o s e  in  a c id ,  a l k a l i n e ,  or  
n e u tr a l  s o l u t i o n s .  They d i s s o lv e  in  d i l u t e  sodium  
h y d ro x id e  s o l u t i o n s ,  y i e ld in g  a y e l lo w -g o ld  s o lu t io n .
They have f a i r l y  s tr o n g  r e d u c in g  p r o p e r t i e s ,  and seem  to  
p o s s e s s  r e a c t iv e  ca rb o n y l g ro u p s. There are in v e s t ig a t o r s  
who c o n s id e r  c e l l u l o s e  com posed o f  a n h y d r o -c e llo b io s e  u n i t s ,  
and c o n s id e r  t h a t  th e  o x id a t io n  w hich ta k e s  p la c e  c o n v e r ts  
some o f  th e se  u n i t s  in to  a c e l l o b io n ic  a c id  w hich rem ains  
l in k e d  t o  the a n h y d r o -c e l lo b io s e  u n i t s  by  seco n d a ry  v a le n c e  
f o r c e s .  An a l k a l i  w ould d i s s o lv e  th e  a c id ic  u n i t s  and le a v e  
b eh in d  a m o d if ie d  c e l l u l o s e  w hich w ould accou n t f o r  th e  
s o l u b i l i t y  o f  o x id iz e d  c e l l u l o s e  in  a lk a l in e  s o lu t io n s .  I t  
i s  p o s s i b l e  th a t  th e  a l k a l i  a c t s  on th e  a ld e h y d e , g iv in g  an 
a c id  and an a lc o h o l  ( c e l l u l o s e ) s
2X • CEO — ^  XCOOH +  XCHgOH 
O x y c e llu lo s e  may be p rep ared  in  a number o f w ays. 
Some o f  th e  e a r l i e r  ways were by th e  a c t io n  o f  brom ine w ater  
on c e l l u l o s e ,  perm anganate on c e l l u l o s e ,  n i t r i c  a c id  on c e l l u ­
l o s e ,  and chrom ic a c id  on c e l l u l o s e .  H ess^ worked upon th e s e  
fo u r  m eth od s, and p rep ared  a ch a r t to  g iv e  a few  o f  the p ro ­
p e r t i e s  o f  th e  b x y c e l lu lo s e s  p rep ared :














G - 4 3 . 5  
H = 6 .1 1 .2 2 6 .8
Perman­
g a n a te 78
0 = 4 4 .0  
H = 5 .6 .9 3 3 .8
N i t r ic  A cid 77 C = 4 3 .7  
H = 5 .7 .6 7 2 2 .7
Cliromic
A cid 84
C =43  
H = 5 .2 1 .0 6 4 0 .5
O r ig in a l
L in te r s
C " 4 4 .4  
H = 6 .2 .4 3 —
A h ig h ly  o x id iz e d  c e l l u l o s e  w ith  ab ou t one atom o f  
oxygen  p er  GgHiQOg u n i t  was p rep ared  in  the la b o r a to r y  in  th e  
f o l lo w in g  manner: A pu lp  was made o f  30 grams o f  f i l t e r  paper
in  600 -  900 c .c #  o f  sodium  h y d ro x id e  a t  1 5 ° . The pu lp  was 
rem oved and m ixed w ith  a s l i g h t  e x c e s s  o f  d i l u t e  s u l f u r ic  a c id .  
I t  was r e f i l t e r e d ,  w ashed , and w h ile  s t i l l  m o is t ,  suspended  
in  600 -  900 c . c .  o f  s u l f u r i c  a c id  a t  10° , and s t i r r e d  b y  an 
e l e c t r i c  s t i r r e r .  Twelve grams o f  p o ta ss iu m  perm anganate 
were d i s s o lv e d  in  th e  same s u l f u r i c  a c i d .  A fte r  s e v e r a l  h ou rs  
th e s o lu t io n  becam e d e c o lo r iz e d  and th e  p u lp  d is in t e g r a t e d ,  
f a l l i n g  to  a f i n e l y  d iv id e d  brown m a ss. This was f i l t e r e d  o f f  
and d e c o lo r iz e d  b y  hydrogen  p e r o x id e . These o x y c e l lu lo s e s  
r e a c te d  w ith  p h en y l h y d ra z in e  to  g iv e  a red  c o lo r a t io n  w ith  
a n i l i n e ,  and were l e s s  s t a b le  and f a r  more r e a c t iv e  than  the  
c e l l u l o s e s  p r o p e r , When th e y  were b o i l e d  w ith  h y d r o c h lo r ic  
a c i d ,  th e y  y ie ld e d  fu r fu r a ld é h y d e , w hich  can be e s t im a te d  w ith
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p h lo r o g lu c in o l*
O x y c e l lu lo s e s  a r e  w id e ly  d i s t r ib u t e d  in  n a tu r e ,  
and o ccu r  g e n e r a l ly  in  th e  form  o f  compound c e l l u l o s e s .
They a r e ,  t h e r e f o r e ,  p r e s e n t  in  th e  c e l l u l o s e  from  woods 
and l l g n i f l e d  t i s s u e s ,  and a r e  th e  c h i e f  c o n s t i t u e n t s  o f  
th e  c e l l u l o s e s  from  c e r e a l  s tr a w s .
I t  i s  w orth  n o t in g  t h a t  th e  su b s ta n c e s  w hich  are  
term ed c e l l u l o s e  h y d r a te s ,  o x y c e l l u l o s e s ,  and h y d r o c e l lu lo s e s  
a re  n o t  ch e m ic a l e n t i t i e s  b u t are  m ix tu res  o f  d i f f e r e n t  p ro ­






P ro b a b ly  one o f  th e  o ld e s t  and m ost im p ortan t  
d i s c o v e r i e s  o f  c e l l u l o s e  c h e m is tr y , w hich  i s  now c o n s id e r e d  
a s c o l l o i d a l ,  i s  th e  d is c o v e r y  b y  M ercer and S ch w e itzer  o f  
th e  s o lv e n t  power o f  am m oniacal cop p er o x id e  f o r  c e l l u l o s e .
I t  was found  th a t  i f  th e  sodium  c e l l u l o s e  p roduced  in  mer­
c e r i s i n g  c o t t o n  i s  d i s s o lv e d  in  t h i s  cuprammonium s o lu t io n ,  
and the s o lu t io n  poured  in t o  s u l f u r i c  a c i d ,  th e  c e l l u l o s e  
i s  r e p r e c ip i t a t e d  as an o x id iz e d  h y d r o c e l lu lo s e .
A s o lu t io n  o f  cuprammonium was made from  a f a i r l y  
s tr o n g  s o lu t io n  o f  copper s u l f a t e .  To t h i s  was added am­
monium c h lo r id e  and f i n a l l y  a s l i g h t  e x c e s s  o f  a sodium  
h y d ro x id e  s o l u t i o n .  The b lu e  p r e c i p i t a t e  was c o l l e c t e d  and 
w ashed th o r o u g h ly  on a c lo t h  f i l t e r .  The p r e c i p i t a t e  was re- 
d is s o lv e d  in  a s o lu t io n  o f  ammonium h y d rox id e  d .o .9 2 .  In ­
s t e a d  o f  d i s s o lv in g  th e  p r e c i p i t a t e  d i r e c t l y  in  the ammonia, 
i t  c o u ld  have been  d r a in e d  and p r e se r v e d  w ith  a 10 per c e n t  
s o lu t io n  o f  g l y c e r o l .  The g ly c e r o l  in  c o n ta c t  w ith  th e  p r e ­
c i p i t a t e  p r e s e r v e s  i t  from  change u n t i l  such  a tim e as i t  i s  
n ee d e d .
Vl/hile we know t h a t  th e r e  a re  no tru e  p h y s ic a l  s o l ­
v e n ts  f o r  c e l l u l o s e ,  cuprammonium comes th e  c l o s e s t  to  b e in g  
o n e . The h ig h e r  th e c o n c e n tr a t io n  o f  th e  cop p er in  th e  
cuprammonium, the g r e a te r  i s  i t s  d o iv e n t  power fo r  c e l l u l o s e .  
C e l lu lo s e  h as b een  d i s s o lv e d  in  i t  up to  4 ,5  per c e n t .  In
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m aking r a y o n , in  o rd er  to  o b ta in  a p ro d u ct o f  th e  h ig h e s t  
p o s s i b l e  q u a l i t y ,  th e  c e l l u l o s e  m ic e l l e s  m ust be b rok en  down 
and d egrad ed  as  l i t t l e  a s  p o s s i b l e ,  Ttie f a c t  th a t  cuprammonium 
s i l k  h as a lw a y s  been  esteem ed  f o r  i t s  v e r y  h ig h  q u a l i t y  would  
le a d  u s  to  b e l i e v e  th a t  th e  r e a g e n t  i s  a b le  to  s w e l l  and even  
d is p e r s e  c e l l u l o s e  w ith  r e l a t i v e l y  l i t t l e  d im u n itio n  o f  the  
m ic e l l e  s i z e .  As to  why t h i s  i s  s o ,  we may o n ly  h azard  a 
g u e s s ,  b u t i t  i s  r e a s o n a b le  to  b e l i e v e  i t  a l lo w s  much o f  th e  
w ater p r e s e n t  i n  th e  s o lu t io n  to  b e im bibed w ith  o n ly  a few  
o f  th e  h y d r o x y l groups r e a c t in g .  There seem s to  be a d i f f e r ­
en ce o f  o p in io n  a s  to  w hether c e l l u l o s e  com bines c h e m ic a lly  
w ith  th e  copper-am m onia com p lex , or w hether i t  i s  m ere ly  ab­
so r b e d , H ess^ b y  means o f  o p t i c a l  r o t a t io n  shows th a t  the  
co m b in a tio n  1 Gu : 1 GgHioOg u n i t  i s  form ed , Bauer^^ on the  
o th e r  hand, a f t e r  a n a ly z in g  th e work o f  H e ss , was a b le  to  ob­
t a in  a c h a r a c t e r i s t i c  a d so r p tio n  cu rve from  h i s  d a ta .
Traube^ i n  h i s  work on c e l l u l o s e  found  th a t  i f  am ines 
w ere s u b s t i t u t e d  f o r  ammonia, he o b ta in e d  a g r e a te r  s o lv e n t  
pow er. T h is may open an e n t i r e l y  new f i e l d  in  c e l l u l o s e  
c h e m is tr y , i f  we a r e  a b le  to  u s e  o rg a n ic  am ines w ith  c e l l u ­
l o s e ,  p r o v id e d , o f  c o u r s e ,  t h a t  v/e can u n d erstan d  th e  r e l a ­
t io n s h ip  b etw een  th e  tw o .
1 . A. J . Stamm, " C o llo id  C h e m i s t r y  or u e llu lo s T c  M a te r ia ls ,  
1 9 3 6 , p ,  26
2 .  I b id .
3 .  I b id .
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VARIETIES AND USES OP CELLULOSE
L lgn
C hem ical T e x t i l e s
Rayon 
N it r a t e  S i l k
Pure
C e l lu lo s e  N itr a te  
P rod u cts
Cuto AmyloNorma Hemi
ELLU
L inen C otton  C loth
C ellop h an e
Paper
Cuprammonium
S i l k
V isc o s e  S i l k
M er cer ise d
C otton
Parchm ent Paper
High E x p lo s iv e s  
Laquer8
B ronzing L iq u id s
A n a e s th e t ic s
C o llo d io n






The work th a t  was c a r r ie d  o u t in  th e  la b o r a to r y  
b y  th e  a u th or  c o v e r s  o n ly  a sm a ll p a r t  o f  th e  c h e m is tr y  
o f  c e l l u l o s i c  m a t e r ia l s .  M o d if ic a t io n s  o f  the com m ercial 
p r o c e s s e s  f o r  th e  p r e p a r a t io n  o f  the e s t e r s  o f  c e l l u l o s e  
and th e  a c id  h y d r o ls i s  o f  c e l l u l o s e  fu r n is h e d  the b a s i s  
f o r  m ost o f  th e  work d is c u s s e d  in  t h i s  p a p er . Our know­
le d g e  o f  c e l l u l o s e  c h e m is tr y  i s  in c r e a s in g  day by d a y .
We a re  on the v e r g e  o f  # i a t  may be term ed a " c e l lu lo s e  
e r a " . E x p lo s iv e s ,  p l a s t i c s ,  p a in t s ,  sp o n g e s , c e l lo p h a n e ,  
s i l k s ,  c o s m e t ic s ,  s y n th e t ic  l e a t h e r s ,  b u i ld in g  m a t e r ia l s ,  
s y n t h e t ic  g l a s s ,  f u e l s ,  s u g a r s , and a lc o h o ls  a l l  may be 
d e r iv e d  from  c e l l u l o s e .  In  our fu tu r e  w ars, c e l l u l o s e  
compounds w i l l  be u sed  to d r iv e  p r o j e c t i l e s ,  and c e l l u ­
lo s e  (w o o l, a d h e s iv e s ,  e t c , )  w i l l  be u sed  to h e a l the  
w ounds. The g r e a t  abundance o f raw c e l l u l o s e  in  th e  w orld  
to d a y  f u r n is h e s  a su b sta n ce  th a t  w i l l  r i v a l  and even  su r ­
p a s s  th e  c o a l  and c o a l  ta r  i n d u s t r i e s .  When our su p p ly  
runs lo w , we may e a s i l y  r e p le n is h  i t  so  th a t  we sh ou ld  
n ev er  have a la c k  o f  raw m a t e r ia ls .  In  t h i s  age o f  sy n ­
t h e s i s ,  c e l l u l o s e  le a d s  the f i e l d  as a sou rce  o f  raw 
m a t e r ia l s ,  and i t  h a s  prom ise o f  b e in g  the most v a lu a b le  
as i t  i s  now th e  m ost abundant su b sta n ce  a v a i la b le  fo r  th e  
in d u s t r ie s  o f  modern c i v i l i z a t i o n .
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